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Summary
Two cores and several field outcrops covering the entire Paleogene succession of the southern Upper Rhine Graben were studied
and sampled in detail. 270 samples were subsequently examined for their microfossil content. This study focuses on recording, palae-
oecological interpretation and illustration of the Foraminifera assemblages (180 taxa). Additionally, other fossil groups were docu-
mented including Charophyta, fish otoliths, Bolboforma and calcareous nannoplankton. From the occurrence and distribution pat-
terns of these groups palaeoenvironmental and palaeogeographic implications were deduced.
While the Eocene succession contains hardly any fossils, the two Rupelian transgression-regression cycles (“Zone fossilifère”,
“Série grise”) in the Upper Rhine Graben can be well traced by their respective microfossil assemblages. Both transgressions start off
with fully marine outer shelf to upper bathyal Foraminifera assemblages. In both cases maximum flooding is reached early in the se-
quence cycle. During the secondRupelian transgression the benthic and small sized planktonic Foraminifera associations indicate cold
to temperate water temperature. While generally well-oxygenated bottom waters and sediments prevailed during the initial phase
(“Marnes à foraminifères”), the situation abruptly changed to suboxic and anoxic conditions during the subsequent deposition of the
“Schistes à poissons”.This led to a drastic drop in diversity and abundance of benthic Foraminifera species in this interval.
The corresponding regressive phase of the “Série grise” is characterised by a thick interval dominated by planktonic Foraminifera
(“Couches à Mélettes”) and a reappearance of benthic assemblages in the terminal unit (“Marnes à Cyrènes”).
The biostratigraphic data derived from planktonic Foraminifera assemblage ranges is distorted by simultaneously occurring fac-
ultatively reworked Eo-Oligocene ranging species. The most conservative age-estimation implies an attribution to the Mid P20 to
P21a plankton-zones for the “Série grise” deposits.This corresponds to less precise ages indicated by calcareous nannoplankton, Cha-
rophyte assemblages and fish otoliths.
Abundant reworked, mainly Cretaceous and Lutetian to Priabonian planktonic Foraminifera from the Late Rupelian “Série
grise” are documented, figured and interpreted in relation to similar occurrences in the northern part of the Upper Rhine Graben and
the Mainz Basin.
Due to the absence of time-equivalent marine Eocene deposits in theUpper Rhine Graben itself the planktonic Foraminifera are
supposed to be reworked from the alpine domain by a northwards trending fluviatile drainage system.
Key words: Paleogene – Foraminifera –palaeoecology – biostratigraphy – reworking – southern Upper Rhine Graben
Zusammenfassung
270 Proben aus zwei Bohrkernen und verschiedene Aufschlüsse, welche die komplette paläogene stratigraphische Abfolge des
südlichenOberrheingrabens abdecken, wurden auf ihrenMikrofossilinhalt untersucht. Die vorliegende Studie erfasst und klassifiziert
die darin vorkommenden Foraminiferen (180Taxa). Darüber hinaus wurdenweitere FossilgruppenwieCharophyten, Fischotolithen,
Bolboforma und kalkiges Nannoplankton erfasst. Die aus der Verteilung aller bestimmten Fossilgruppen abgeleiteten paläoökologi-
schen und paläogeographischen Informationen wurden in die Interpretation der paläogenen Abfolge miteinbezogen.
Während die eozäne Abfolge sehr arm an Fossilien ist, lassen sich die zwei Rupeltransgressionen (“fossilreiche Zone”, “Graue
Serie”) des Oberrheingrabens gut anhand ihres Mikrofossilinhalts nachvollziehen. Beide Transgressionen setzten mit Foraminiferen-
vergesellschaftungen des äußeren Schelfs bzw. des oberen Bathyals ein. Der relative Meerespiegel-Höchststand wird jeweils früh im
Claudius Pirkenseer, Dr. Silvia Spezzaferri and Prof. Jean-Pierre Berger, Department of Geosciences, University of Fribourg, Chemin
duMuseé 6, Perolles, 1700 Fribourg, Switzerland
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Sequenz-Zyklus erreicht.Während der zweiten Rupeltransgression weisen die benthischen und kleinwüchsigen planktonischen Fora-
miniferenassoziationen auf kalte bis gemässigteWassertemperaturen hin. Generell gute Sauerstoffsättigung des Tiefenwassers und der
oberen Sedimentschichten während der initialen Phase der zweiten Rupeltransgression (“Foraminiferenmergel”) wechselt abrupt zu
schwach gesättigten bis anoxischen Verhältnisse in den darauf folgenden “Fischschiefern” mit einer stark reduzierten Foraminiferen-
fauna.
Die anschließende regressive Phase der “Grauen Serie” ist durch ein mächtiges, durch planktonische Foraminiferen dominiertes
Intervall (“Meletta-Schichten”) und dasWiederauftreten signifikanter benthischer Assoziationen in der letzte Einheit (“Cyrenenmer-
gel”) gekennzeichnet.
Das Vorkommen von fakultativ umgelagerten planktonischen Foraminiferenartenmit einer vomEozän in dasOligozän reichen-
den stratigraphischen Reichweite verzerrt die biostratigraphische Interpretation. Die konservativste Einschätzung ordnet die Ablage-
rungen der “Grauen Serie” den PlanktonzonenMittlere P20 bis P21 zu. Letzteres stimmt grobmit den aus dem kalkigenNannoplank-
ton, den Charophytenassoziationen und den Fischotolithen gewonnen biostratigraphischen Altern überein.
Häufig vorkommende, aus der späten Kreide und dem Lutet bis Priabon umgelagerte planktonische Foraminiferen der “Grauen
Serie” sind dokumentiert und im Vergleich mit ähnlichen Vorkommen aus dem nördlichen Oberrheingraben und dem Mainzer
Becken paläogeographisch interpretiert.
Das Fehlen von autochthonen kreidezeitlichen und eozänen marinen Sedimenten im Bereich des Oberrheingrabens legt eine
Umlagerung der planktonischen Foraminiferen durch ein nordwärts gerichtetes Flusssystem aus dem alpinen Bereich nahe.
Schlüsselwörter: Paläogen – Foraminiferen – Paläoökologie – Biostratigraphie – Umlagerung - südlicher Oberrheingraben
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Introduction
1.1 Aim
The rift of the Upper Rhine Graben (between
Freiburg i. Br., Colmar, Montbéliard and Basel) pro-
vides an interesting field for palaeogeographic, palae-
oecologic, tectonic and sedimentary analyses. During
the Cenozoic the area was characterized by an alter-
nately either isolated or connected situation. While
several comprehensive publications have dealt with as-
pects of regional geology, lithostratigraphy, palynolo-
gy, palaeoenvironment, tectonics and sedimentology
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as well as special fossil groups (e.g., Duringer 1988,
Pharisat 1991a, Schuler 1990, Sittler 1965,
Storni 2002, Ustaszewski 2004), work on micro-
fossils from the research area has generally been of lim-
ited extent or concerns deposits of adjacent areas like
the Swiss Jura Molasse (e.g., Huber 1994, Oertli
1956, Picot 2002). Furthermore, only few biostrati-
graphic age determinations have been obtained for the
southern Upper Rhine Graben (see Berger et al.
2005b).
This study aims at a complete stratigraphic over-
view and record of Tertiary microfossils and their pal-
aeoecologic, palaeogeographic and taxonomic impli-
cations and is based on the PhD thesis Pirkenseer
(2007). The correlation of the fossil assemblages with
the two Rupelian Upper Rhine Graben transgressions
and the role of the abundant reworked planktonic Fo-
raminifera are of special interest. Improving theknown
biostratigraphic framework represents a further objec-
tive. The results of the additional fossil groups will be
covered in a subsequent volume. A recently compiled
analysis and an interpretation of the sedimentological
architecture of the research area by Roussé (2006)
have been integrated into this study. To obtain a maxi-
mum of stratigraphic coverage, two drill cores (Alls-
chwil-2, DP-202) covering the entire Lutetian to
Chattian succession were chosen for investigation in
addition to several field outcrops.
1.2Methods
Each samples taken from the drilling DP-202 and
the various outcrops weighed between 1 and 3 kg. In
order to obtain a maximum number of microfossils,
only small reference samples were put aside. The sedi-
ment was treated with hydrogen peroxide at concen-
trations between 10 % and 25 %, dependent on the
solubility of the material. Samples were wet-sieved
through 63 / 125 / 250 / 500 / 1000 μ meshes to re-
move the mud fraction. The residues were then air-
dried at 50 °C.
To obtain a maximum diversity of the microfossil
assemblages, the whole fractions from 250-1000 μ (ex-
cept for the quartz rich sandstones) and a justifiable
amount of the 63–125 μmaterial was generally picked
under a binocular microscope (Zeiss SV11, Nikon
SMZ1500). Nevertheless, some species are only repre-
sented by one or few specimens (e.g.,Marginulina hir-
suta, Lagena gracilicosta). In fractions showing no mi-
crofossils seven picking dishes were checked before
dismissing the sample.
The samples derived from the Allschwil-2 core
were forwarded as alreadywashed and partly separated
dry residues. Microfossils in samples with higher clas-
tic content were enriched by gravity separation meth-
ods (chemicals unknown).
Figured specimens were coated with gold (thick-
ness depending on specimen) and then photographed
with a FEIXL30 Sirion FEG scanning electronmicro-
scope generally at maximum resolution with spot size
5 and 20 kV acceleration voltage.The size of the speci-
menswas eithermeasured directly during the scanning
or via an ocular micrometer calibrated with a Zeiss
glass microscale.
2 Geologic context and Paleogene evolution
The Upper Rhine Graben represents the central
part of the European Continental Rift System (EC-
RIS) and extends about 300 km on an approximately
North-South axis between the cities of Wiesbaden
(WGermany) and Basel (NW Switzerland).
Paleogene outcrops are generally found close to
the Mulhouse Horst, along river valleys and near the
graben margins. The main lithology is formed by me-
dium to large-scale conglomerates of various origins.
Theywere raisedduring thedevelopment of the graben
and basement uplift on small horsts or on smaller frac-
ture zones and thus provide the most common Paleo-
gene outcrop locations (Text-fig. 1).
Towards the basin, the grain size diminishes con-
siderably.The basin fill consists mainly of lacustrine to
marine sands and marls, as well as the massive Potash
salt deposits in the basin centre.
Neogene deposits are rare and far apart in the
region South of Strasbourg, with theMiocene volcan-
ics of the Kaiserstuhl penetrating the sedimentary
cover.
The oldest preserved deposits date from the Lute-
tian. These restricted lacustrine limestones probably
formed isochronous with the karstic Siderolithic
Formation.They are overlain by the brackish “Marnes
à Limnées” or the time-equivalent evaporitic “Zone
salifère inférieure” of the pre-rifting stage (Text-
figs. 2, 3).
The initial rifting phase in the Priabonian deep-
end the basin and increased the development of the
marginal conglomeratic fans (“Steingang”). A further
series of evaporites (“Zone Salifère moyenne”) were
deposited in the basin centre, rimmed by brackish to
lacustrine marly sediments (“Marnes vertes”, “Cal-
caires à Mélanies”).
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At the base of the Oligocene the first Rupelian
transgression invades the basin via theHessian depres-
sion (Text-figs. 2, 3). This results in the deposition of
the marly to calcareous, fossil-rich “Zone fossilifère”.
The transgression can also be traced in the marginal
conglomerates wehre it is represented by several deci-
metres to meters thick marly intercalations. Near to
and on theMulhouse horst a time equivalent, but con-
densed series of organic rich laminar limestones and
marls was deposited.The “Zone fossilifère” is overlain
by the brackish to lacustrine “Haustein” or, depending
on the region, by the “Zone Salifère supérieure”.
The widespread second, “Middle” to Late Rupe-
lian transgression affected the whole basin and led to
the deposition of the several hundred meters thick
“Série grise” (Text-figs. 2, 3). The fossil rich “Marnes à
foraminifères” and the more or less anoxic “Schistes à
poissons” indicate fullymarine conditions throughout
the basin. The succeeding “Couches à Mélettes” con-
sist of interbedded marls and fine to medium grained
sandstones. The increasingly brackish and shallower
“Marnes à Cyrènes” contain an abundant fauna and
represent the last interval of the “Série grise”.The tran-
sition from the “Couches àMélettes” to the “Marnes à
Cyrènes” is gradual.
According to Berger et al. (2005b), the trans-
gressions correspond to the Ru1 and Ru2-3 sequences
(Neal &Hardenbol 1998) respectively.The URG
was most likely connected with the Paratethys during
the second, Late Rupelian transgression.
The Latest Rupelian to Early Chattian fluvio-la-
custrine Niederroedern Formation (“Molasse alsaci-
enne”) represents the last preserved Tertiary sediment
series in the investigated area.
Text-fig. 1:Geologic and geographic overview of the research area.
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3 Localities
Thefield area for this study is located on the terri-
tory of three different countries; therefore three differ-
ent graticules are involved.These are: the Swiss kilom-
etric, the French Lambert II (L II) and the German
Gauss-Krüger (G-K) coordinate systems.
3.1 Drillings
TheAllschwil-2 (Swiss 605970/265825) drill site
(Text-figs. 1, 4, 5) near the village Allschwil (SW of
Basel, NWSwitzerland) is situated close to the eastern
margin of theWolschwiller Graben and was complet-
ed in 1927. According to Fischer et al. (1971), about
50 % of a total of 922,1m were cored. Of 282 existing
samples from the core, about 130 were forwarded to
the authors as already treated residues for picking and
analyses. The drilling DP-202 (L II 971980/2327850)
(Text-figs. 1, 6, 7) is located north of Mulhouse close
to the centre of the Potash Basin. 91 samples were tak-
en from the available, complete core between 721.7 m
and 191 m.
Foraminifera are recorded from the earliest Rupe-
lian “Zone fossilifère” (rare, Allschwil-2) and through-
out the “Série grise” (both drill cores). The highest di-
versity and abundance with more than 55 species and
hundreds of specimens is reached in the “Marnes à fo-
raminifères”, the basal lithological unit of the “Série
grise”. Throughout the subsequent “Schistes à pois-
sons” and evenmore so the thick “Couches àMélettes”
diversity and abundance of Foraminifera is generally
low. The occurrence of reworked Eocene and Late
Cretaceous planktonic Foraminifera starts in both
drill cores in the “Couches àMélettes”. In the “Marnes
à Cyrènes”, the final lithological unit of the “Série
grise”, the diversity and abundance of Foraminifera is
again increasing. The combined palaeoecological re-
sults of both drill cores are discussed in chapter 7.
Text-fig. 2: Lithostratigraphic overview of the southern Upper Rhine Graben and the easternMainz Basin.
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Text-fig. 3: Biostratigraphic overview in relation to international biozones and facies development of the research area.
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Text-fig. 4: Foraminifera range chart of the Allschwil-2 drill core (a).
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Text-fig. 5: Foraminifera range chart of the Allschwil-2 drill core (b).
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Text-fig. 6: Foraminifera range chart of the DP-202 drill core (a).
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Text-fig. 7: Foraminifera range chart of the DP-202 drill core (b).
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3.2 Outcrops
3.2.1 Late Rupelian
Eguisheim (Text-fig. 8, western Graben shoulder,
L II 970550/2349425)
The large inactive quarry near is now used as vine-
yard and is situated 400 metres south of the village
Eguisheimhidden behind a service causeway. Laterally
a profile of about 7 metres of beige marls to platy dis-
continuous sandstones and massive coarse sands be-
longing to the “Marnes à foraminifères” can be exam-
ined. Three samples from the marly facies of the west-
ern corner of the outcrop yielded an abundant and
diverse benthic Foraminifera fauna indicating an outer
shelf environment and cold to temperate water tem-
peratures (see Text-fig. 20). A relatively rapid change
between high-energy shoreface (Roussé 2006) and
calm offshore deposits (below the storm wave base)
occurs between 2.5 m and 3 m in the section. This is
evidenced by the changing sedimentary architecture
and the faunal assemblage in sample 3.
Rheinweiler (Text-fig. 9, eastern Graben shoulder,
G-K 3390.550/5286.600)
The small outcrop is at the end of a private road
on the slope east of the village Rheinweiler (SW Ger-
many). About 3 metres of schistoid black marls of the
“Schistes à poissons” and about 3 metres of massive
grey silty marls with small scale turbiditic fine sand
layers (pro-delta facies A1; Roussé 2006) of the low-
ermost “Couches à Mélettes” crop out.Thin intermit-
tent white layers are rich in coccolithophorids.
22 of 40 samples contained a lowly diverse but
relatively abundant benthic Foraminifera assemblage
(e.g., Bolivina beyrichi [Plate 7, figs. 3, 4], Cibicides
amphisyliensis [Plate 10, fig. 2], Siphonodosaria ewaldi
[Plate 9, fig. 2]) indicating suboxic to dysoxic bottom
Text-fig. 8: Eguisheim outcrop lithostratigraphic log and range chart.
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conditions and outer shelf water depths (Scherler
2005). The samples gathered for this sudy yielded a
similar fauna and very poorly preserved but abundant
planktonic Foraminifera mainly of the Globigerina
praebulloides group (Plate 16, figs. 2, 3).
Güwenheim (western Graben shoulder, 956750/2317300)
The outcrop is located in the bed of the sream
Doller, 1 km east of the small village of Güwenheim.
The outcrop covers about 11 metres of grey silty marls
and laminar and turbiditic sandstones, which have
been attributed to the offshore/distal prodelta to dis-
tal delta-front facies (Roussé 2006) of the “Couches
à Mélettes”.
Text-fig. 9: Rheinweiler outcrop lthostratigraphic log and range chart.
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In theupperpart of theprofile abundant reworked
Cretaceous and Eocene nannofossils and a few Eocene
planktonic Foraminifera (e.g.,Acarinina pentacamera-
ta [Plate 14, fig. 1]) are recorded (Scherler 2005).
Further samples yielded the Late Eocene species
Globigerinatheka semiinvoluta (Plate 15, fig. 4).
The rare benthic fauna comprises Bulimina alsat-
ica (Plate 7, figs. 14, 15), Aubignyna kiliani (Plate 11,
fig. 5), Porosononion sp. (Plate 10, fig. 4) and Lagena
striata (Scherler 2005). A few autochthonous or
possibly reworked planktonic species as Subbotina an-
giporoides (Plate 16, fig. 7), S. utilisindex (Plate 17,
figs. 2, 3), Pseudohastigerina micra (Plate 17, fig. 6)
and Paragloborotalia nana (Plate 17, fig. 8) are
present.
Retzwiller (Text-fig. 10, Dannemarie Basin,
L II 957950/2303750)
Text-fig. 10: Retzwiller outcrop lithostratigraphic log and range chart.
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The fenced-in and guarded clay pit west of the vil-
lage Retzwiller presents the most extended outcrop
within the upper “Série grise”.The section covers about
40 metres of grey silty marls and intercalated sand-
stones related to pro-delta, sheltered lagoon and estu-
arine channel fill deposits (Roussé 2006).
The fauna derived from the distal delta-front
sands in the lower part of the profile (sample 1) almost
exclusively consists of reworked Cretaceous and
Eocene planktonic Foraminifera. Sample 2 was ob-
tained from the Mollusc-rich so called “Sables marins
de Wolfersdorf ” and yielded a shallow marine and
relatively warm water benthic Foraminifera (e.g. Pen-
eroplis sp. [Plate 5, fig. 2]) and Ostracoda assemblage.
Low water energy is indicated by the presence of the
ostracod Pterygocythereis ceratoptera.
3.2.2 Early Chattian
Wessenberg (L II 985450/2291550)
The outcrop is located on the summit ridge of the
Wessenberg between the villages Liebenswiller and
Hagenthal-le-Haut (E France; Text-fig. 1). About 8 m
of yellow silts, sands and irregularly platy sandstones
crop out on the northern flank of the ridge. Only one
sample contained benthic (Bulimina sculptilis [Plate
7, figs. 16, 17], Almaena osnabrugensis [Plate 10, fig.
8],Globocassidulina subglobosa [Plate 7, fig. 11],Melo-
nis affinis [Plate 10, fig. 5]) and planktonic Foraminif-
era (e.g., Subbotina angiporoides [Plate 16, fig. 7], Zea-
globigerina ampliapertura [Plate 16, fig. 5], Catapsy-
drax sp.). Due to the poor state of preservation, the
cooccurrence of reworked Cretaceous and Eocene
planktonic Foraminifera like Globotruncana sp., Sub-
botina eocaena (Plate 16, fig. 8) and Turborotalia cer-
roazuelensis as well as the rather fluviatile character of
the sediments the entire assemblage is considered to
be reworked. Accordingly the profile is tentatively at-
tributed to the “Molasse alsacienne continentale”.
4 Taxonomical notes Foraminifera
The taxonomic arrangement of the Plates follows
Cicha et al. (1998). Formost genus and type descrip-
tions the Ellis & Messina online (http://micro-
press.org, part Foraminifera) and printed catalogues
were consulted. Batjes (1958), Cicha et al. (1998),
Doebl & Sonne (1974), Grimm (1994), Huber
(1994), Kiesel (1970), Łuczkowska (1970), Papp
& Schmidt (1985), Reiser (1987), Wenger
(1987) were employed to survey benthic Foraminifera
of the Paratethys and the northwest European Paleo-
gene. The determination of planktonic Foraminifera
and the compilation of the range charts follow mainly
Premoli Silva et al. (2003) and Premoli Silva, I.
&Verga,D. (2004), with some updates derived from
Huber et al. (2006). Taxonomical notes were only
authored for not well-defined, controversial or aber-
rant taxa. For the stratigraphic distribution of each
species and ecological parameters in the “Marnes à fo-
raminifères” see Text-figs. 4–7, 19–21.
Thematerial is stored in the collections of theNa-
tural History Museum of Basel, Switzerland (Augu-
stinergasse 2, CH-4001 Basel) as catalog numbers
C39028 toC39348.Thin sections of agglutinated Fo-
raminifera include the numbers C39349 to C39357.
The specimen of Planorbulina difformis (RWL 2-29,
Plate 10, fig. 10) is kept within the collection of the
MSc-Thesis of Laurine Scherler, University of Fri-
bourg (Switzerland).
Ammobaculites? sp.
(Plate 1, fig. 15a, b)
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, outcrop Eguisheim.
Catalogue-No.:C39200.
Remarks: A small species, supposedly belonging
to Ammobaculites. Much smaller and flatter than the
simultaneously occuring Ammobaculites agglutinans
(Plate 1, figs. 13, 14). Due to the small size thin sec-
tions could not be prepared.
Bolivina beyrichi Reuss, 1851
(Plate 7, figs. 3a, b, 4a, b)
* 1851 Bolivina Beyrichi - Reuss: 83; pl. 6, fig. 51.
1875 Bolivina Beyrichi Reuss var. carinata - Hantken:
pl. 7, fig. 12.
1884 Bolivina Beyrichi Rss. – Andreae: ?; pl. 8, figs. 4–8.
1958 Bolivina beyrichi Reuss – Batjes: 131; pl. 5, fig. 11a,
b.
1962 Bolivina beyrichi beyrichiReuss, 1851 (cf. beyrichi bitu-
minosa Spandel 1909) – Doebl: 389; pl. 57,
fig. 5a, b.
1965 Bolivina (Brizalina) beyrichi (Reuss) – Gramann:
fig. 1/7.
1967 Bolivina beyrichi beyrichi Reuss, 1851 – Hofmann:
137–141; pl. 3, figs. 1, 2a, b, 3a, b, 4a, b.
1967 Bolivina beyrichi carinata Hantken, 1875 – Hof-
mann: 142–141; pl. 3, figs. 5a, b, 6a, b.
1987 Bolivina beyrichi beyrichi Reuss – Reiser: 85; pl. 8,
figs. 6, 11.
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1987 Bolivina beyrichi carinata Hantken – Reiser: 85;
pl. 8, figs. 8, 13.
1994 Bolivina beyrichi Reuss, 1851 – Grimm: 78-79; pl. 1,
fig. 6.
1994 Brizalina beyrichi Reuss – Huber: 74-75; pl. 5,
figs. 6–9.
1998 Bolivina beyrichi beyrichi Reuss - Cicha et al.: 83;
pl. 44, figs. 1–2.
1998 Bolivina beyrichi carinataHantken -Cicha et al.: 83;
pl. 44, fig. 3.
2000 Bolivina beyrichi Reuss, 1851 – Mehrnusch: 223-
233; pl. 1, figs. 1–8, pl. 2, figs. 1–8.
2002 Bolivina beyrichi – Grimm: 74, pl. 1, fig. 8.
Type locality and horizon: Hermsdorf near Berlin or
Freienwalde on the Oder (Germany), “Septharienton”, “Eocene”
(sensu Reuss 1851).
Holotype: depository not given
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, “Schistes à poisons”, “Couch-
es à Mélettes”, drillings Allschwil-2 and DP-202, out-
crops Eguisheim and Rheinweiler.
Catalogue-No.:C39170 (Plate 7, fig. 4), C39171
(Plate 7, fig. 3).
Remarks: According to Mehrnusch (2000)
the previous reports of various subspecies of Bolivina
beyrichi (ssp. carinata Hantken, 1875; bituminosa
Spandel, 1909; beyrichi) represent ecomorphotypes,
with no indication of regional speciation. Thus he re-
vokes Hofmann´s (1967) concept of two morpho-
metric and morphologic clearly separable subspecies
(ssp. beyrichi, carinata). Accordingly the carinate,
spinose and “normal” morphotypes of the research
area are exclusively attributed to Bolivina beyrichi.
Bolivina crenulataCushman, 1936
(Plate 7, figs. 5, 6a, b)
* 1936 Bolivina crenulata – Cushman: 50; pl. 7, fig. 13.
1967 Bolivina crenulata crenulata Cushman 1936 – Hof-
mann: 146–147; pl. 1, figs. 4a, b, 5a, b, 6a, b.
1974 Bolivina crenulata trunensisHofmann 1967 –Doebl
& Sonne: 28; pl. 7, fig. 52.
1987 Bolivina crenulata Cushman – Reiser: 86; pl. 8,
figs. 17, 21.
1998 Bolivina crenulataCushman–Cicha et al.: 83; pl. 43,
figs. 11, 12.
Type locality and horizon: near Budapest (Hungary),
“Kleinzellner Tegel”, “Upper Eocene” (sensu Cushman 1936).
Holotype: Cushman Laboratory, Sharon, Massachusetts,
USA, No. 21497.
Distribution research area: possibly Early Rupe-
lian, “Zone fossilifère” and Late Rupelian, “Marnes à
Cyrènes” and Niederrödern Formation, drilling Alls-
chwil-2.
Catalogue-No.:C39338 (Plate 7, fig. 5), C39335
(Plate 7, fig. 6), C39224 (Plate 7, fig. 7).
Remarks: A few badly preserved specimens from
the Earliest Rupelian “Zone fossilifère” are tentatively
associated with this species (see Plate 7, fig. 7). They
show a resembling pitted surface morphology and are
of similar size as Bolivina crenulata from the “Marnes
àCyrènes”.The lattermaterial deviates somewhat from
the type descrition in having more obscured chamber
outlines.
Bolivina meletticaAndreae, 1884
(Plate 7, fig. 9a, b)
* 1884 Bolivina melettica n. sp. – Andreae: 165; pl. 11, fig. 5.
1958 Bolivina beyrichi Reuss var. melettica Andreae –
Batjes: 131; pl. 5, fig. 10a, b.
1967 Bolivina melettica Andreae – Hofmann: 177; pl. 1,
fig. 3a, b.
1994 Bolivina melettica (Andreae) – Huber: 73–74; pl. 5,
figs. 1–4.
Type locality and horizon: Buchsweiler (Bouxwiller, Al-
sace, France), “Fischschiefer”, “Middle Oligocene” (sensu An-
dreae 1884).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Couches à Mélettes”, drilling Allschwil-2, “Schistes à
poissons”, outcrop Rheinweiler
Catalogue-No.:C39154.
Remarks:This species is very similar to Bolivina
beyrichi (Reuss 1851), but lacks the marginal spines
or carinae, featuresmore inclined chambers and shows
less distinct chamber outlines. The species is not re-
stricted to the “Schistes à poissons” beds, as reported
by Huber (1994) and proposed by Andreae
(1884).
Chiloguembelina cubensis (Palmer 1934)
(Plate 15, figs. 7a, b, 8)
? 1884 Textilaria gracillima n. sp. – Andreae: 143; pl. 8,
fig. 9.
* 1934 Guembelina cubensis – Palmer: 74, figs. 1–6.
? 1940 Guembelina ototara – Finlay: 453; pl. 63, figs. 50–52.
1958 Gümbelina gracillima (Andreae) – Batjes: 163;
pl. 11, figs. 9a, b.
1974 Chiloguembelina cubensis (Palmer, 1934) – Doebl &
Sonne: 33; pl. 9, fig. 70a, b.
1985 Chiloguembelina cubensis (Palmer) – Jenkins: 274;
fig. 6.13a, b.
1987 Chiloguembelina cubensis (Palmer) – Reiser: 115–
116; pl. 18, figs. 12, 13.
1991 Chiloguembelina cubensis Palmer – Spezzaferri &
Premoli Silva: 250, pl. 10, figs. 5a, 6a, 7a, 8a, 9a, b.
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? 1994 Streptochilus gracillima (Andreae) –Huber: 72; pl. 7,
figs. 3, 4.
1994 Chiloguembelina cubensis (Palmer) 1934 – Spezza-
ferri: 65; pl. 29, fig. 1.
1998 Chiloguembelina cubensis (Palmer) – Cicha et al.:
89–90; pl. 30, figs. 1, 2.
? 1998 Chiloguembelinagracillima (Andreae,1884)–Cicha
et al.: 90; pl. 30, figs. 3, 4.
2003 Chiloguembelina cubensis – Premoli Silva et al.:
pl. 12, fig. 6.
2006 Chiloguembelina cubensis (Palmer 1934) – Huber et
al.: 473–474; pl. 16.3, figs. 23, 24.
Type locality and horizon: Palmer Station 1163, Car-
tagena, St. Clara Province (Cuba), “Lower Oligocene” (sensu
Palmer 1934).
Topotypes: Museo Poey, Universidad de La Habana,
Cuba.
Distribution research area: Late Rupelian,
“Marnes à foraminifères” to Niederrödern Formation,
drilling Allschwil-2, “Marnes à foraminifères”, drilling
DP-202, outcrop Eguisheim.
Catalogue-No.: C39201 (Plate 15, fig. 7),
C39038 (Plate 15, fig. 8).
Remarks: According to the short description
(“globulose chambers with smooth, finely perforated
and glossy wall”), the single figure and the given size (l
= 250 μm) of Textilaria gracillima by Andreae
(1884) the latter species possibly represents the first
report of Chiloguembelina cubensis. Consequently the
species was listed by Batjes (1958) and Huber
(1994) as Gümbelina or Streptochilus gracillima.
Cicha et al. (1998) define Chiloguembelina cubensis
as striate and C. gracillima as pustulate, closely related
taxa. Huber et al. (2006) characterize Chiloguembe-
lina cubensis as striate and more elongated compared
to the pustulate and more tapered C. ototara. The ma-
terial from the research area however yields striate,
semistriate, pustulo-striate and pustulate specimens.
As the original description and type figure of
Textilaria gracillima lacks important information (see
also Huber 1994; e.g., presence of striation), a re-
evaluation of the taxonomical status Chiloguembelina
cubensis, C. gracillima and C. ototara should be con-
sidered. However the type material seems to be lost
(oral communication, University of Strasbourg) and
the type locality and section can not be precisely
located.
Cibicidoides roemeri (Reuss 1856)
(Plate 9, fig. 11a–c)
* 1856 Rotalia roemeri – Reuss: 240; pl. 4, fig. 52a–c.
? 1958 Cibicides lobatulus (Walker & Jacob) – Batjes:
153–154; pl. 9, fig. 7a–c.
non 1994 Heterolepa römeri (Ten Dam & Reinhold) –
Huber: 84; pl. 12, figs. 1–3.
Type locality and horizon: “Casseler Schichten, Sand”,
Kassel (Germany), “Oligocene” (sensu Reuss 1856).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, drilling
Allschwil-2.
Catalogue-No.:C39307.
Remarks: Some of the specimens from the re-
search area reach sizes twice as large as those reported
for the type material. This species represents generally
the largest taxon within the genus Cibicidoides of the
research area.
Cycloforina gracilis (Karrer 1867)
(Plate 4, fig. 4a–c)
* 1867 Quinqueloculina gracilis – Karrer: 361; pl. 3,
fig. 2a–c.
1974 Cycloforina gracilis (Karrer 1867) – Luczkowska:
79-80; pl. 12, fig. 1a–c.
1998 Cycloforina gracilis (Karrer) – Rögl: 142; pl. 3,
figs. 5, 6.
Type locality and horizon:Holubica, near Pieniaky, Gali-
cia (Poland), “Neogen” (sensu Karrer 1867).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Couches à Mélettes”, “Marnes à Cyrènes”, drilling
DP-202, drilling Allschwil-2.
Catalogue-No.:C39342.
Remarks: The material from the research area is
considerably smaller than the minimal size of 500 μm
given by Luczkowska (1974) and the size of 1.6
mm given by Karrer (1967).
Globotruncana linneiana (d’Orbigny 1839)
(Plate 12, fig. 5a–c)
* 1839 Rosalina linneiana – d´Orbigny: 101; pl. 15,
figs. 10–12.
1985 Globotruncana linneiana (d´Orbigny) – Caron: 50;
figs. 20.5a–c, 20.6a–c.
2004 Globotruncana linneiana (d´Orbigny 1839) –
Premoli Silva&Verga: 109, pl. 39, figs. 2a–c, 3a–c,
4a–c.
Type locality andhorizon: “marine sands” (Cuba), “recent”
(sensu d’Orbigny 1839).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à Cyrènes”, drilling DP-202.
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Catalogue-No.:C39063.
Remarks:As the chambers of the specimens from
the research area show a slightly steeper inclination
than normal, theymay belong to the subspeciesG. lin-
neiana obliquaHerm, 1965 described from the Early
Maastrichtian of northern Spain.
Karreriella chilostoma (Reuss 1852)
(Plate 3, figs. 4a–c, 5a–c)
* 1852 Textularia chilostoma – Reuss: 18, figs. a, b.
1884 Gaudryina chilostoma Rss. var. globulifera Rss. –
Andreae: ?; pl. 7, figs. 8a, b, 9.
1958 Karreriella siphonella (Reuss) var. chilostoma (Reuss)
– Batjes: 101; pl. 1, fig. 8a, b.
1962 Gaudryina chilostoma chilostomaReuss1852–Doebl:
387; pl. 56, fig. 9a, b.
1994 Karreriella chilostoma (Reuss 1852) –Grimm: 66–67;
pl. 2, fig. 1.
1994 Siphotextularia chilostoma (Reuss) –Huber: 66; pl. 2,
figs. 7, 8.
2002 Karreriella chilostoma – Grimm: 74, pl. 1, fig. 4.
Type locality and horizon: “Septarienthone”, Görzig near
Köthen (Germany, sensu Reuss 1856).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, drilling
Allschwil-2, “Marnes à Cyrènes”, drilling DP-202.
Catalogue-No.:C39244 (Plate 3, fig. 4), C39314
(Plate 3, fig. 5).
Remarks: The test of the single specimen (see
Plate 3, fig. 4a–c) derived from the “Couches à Me-
lettes” is entirely agglutinated of coccoliths, suggesting
a habitat lacking sufficient clastica or oversupply of
nannoplankton material (blooms). The type descrip-
tion does not recognise the trochospiral nature of the
test.
Lenticulina aff. reniformis (d´Orbigny 1846)
(Plate 5, fig. 14a–d)
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drillingAllschwil-2, “Marnes
à Cyrènes” drilling DP-202, outcrop Retzwiller.
Catalogue-No.:C39283.
Remarks:The rare specimens from the “Marnes à
foraminifères” display a keel similar to the type mate-
rial. In themore abundant specimens derived from the
“Couches à Mélettes” a rounded periphery is devel-
oped. The speciemns are collectively linked to Lenti-
culina reniformis, but may represent two different
taxa.
Pararotalia canui (Cushman 1928)
(Plate 11, fig. 9a–c)
* 1856 Rotalia stellata - Reuss: 242; pl. 5, fig. 54.
1928 Rotalia canui nom. nov. - Cushman: 55; pl. 3, fig. 2.
1987 Pararotalia canui (Cushman) – Reiser: 105–106;
pl. 14, figs. 1–3.
Type locality and horizon: “Casseler Schichten, Sand”,
Luithorst (Germany), “Oligocene” (sensu Reuss 1856).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à Cyrènes”, drilling DP-202, drilling All-
schwil-2.
Catalogue-No.:C39072.
Remarks: As Ehrenberg (1838) already used
the term Rotalia stellata, therefore, it was renamed by
Cushman (1928). The figures of the latter author
however show more inflated chambers and an arched
lateral shape compared to the very schematic type fig-
ures given by Reuss (1856). Pararotalia canui rhen-
ana (Ellermann 1960; see Plate 11, fig. 7a–c) from
the Late Oligocene of the Lower Rhine Embayment
lacks the umbilical disc as described by Reuss (1856)
and shows a more pinched, less inflated and more
straight lateral view than the Pararotalia canui report-
ed by Cushman (1928). The varying material from
the research area falls in between both descriptions
(Pararotalia cf.P. canui; see Plate 11, fig. 8a–c), as some
specimens bear the umbilical disc, while others lack it.
Several other very similar species (e.g., Pararotalia
curryi Loeblich&Tappan) may belong to P. canui.
Reticulophragmium acutidorsatum (Hantken 1868)
(Plate 2, figs. 4a, b, 5)
* 1868 Haplophragmium acutidorsatum –Hantken: 82; pl. 1,
fig. 1.
1884 Haplophragmium acutidorsatum Hant. – Andreae:
?; pl. 7, fig. 5.
1994 Reticulophragmium acutidorsatum (v. Hantken) –
Huber: 63; pl. 1, figs. 9, 11, 12.
1998 Reticulophragmium acutidorsatum (Hantken) –
Cicha et al.: 123, fig. 60; pl. 4, figs. 12–14.
2005 Reticulophragmium acutidorsatum (Hantken 1868)
– Kaminski & Gradstein: 488–491, figs. 122-1,
122-2; pl. 122, figs. 1a–7c.
Type locality and horizon: “Kis-Czell Mergel”, multiple
possible type localities (Hungary), “Oligocene” (sensuHantken
1868).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, drilling
Allschwil-2, outcrop Eguisheim.
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Catalogue-No.:C39330 (Plate 2, fig. 4), C39351
(Plate 2, fig. 5, thin section).
Remarks: Due to the presence of supplementary
apertures and sigmoidal sutures in Cyclammina pla-
centa the latter species is separated fromR. acutidorsa-
tum by Kaminski & Gradstein, 2005 (in contrast
to other authors). The material from the research area
shows less distinctly developed characteristics (proba-
bly a preservation issue) and is therefore preliminarily
associated with R. acutidorsatum. The type figure of
Hantken (1868) shows a more pinched (“keeled”)
chamber cross section.
Reticulophragmium? acutidorsatum exigua
(Schrodt 1893)
(Plate 2, fig. 6a, b)
* 1893 Cyclammina acutidorsata (Hantken) var. exigua –
Schrodt: 735.
1962 Cyclammina placenta exigua Schrodt 1893 –Doebl:
389; pl. 57, fig. 4.
Type locality and horizon: “Septarienthon”, drilling in
Frankfurt am Main (Germany), “Oligocene” (sensu Schrodt
1893).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, “Schistes à poisons”, drilling
DP-202.
Catalogue-No.:C39278.
Remarks: Due to the very thin test with suppos-
edly compressed chambers, no thin sections of this
species could be successfully produced. Thus the ge-
neric status remains uncertain.The size is considerably
smaller than in the nominate species.
Sabellovoluta humboldti (Reuss 1851)
(Plate 2, figs. 1a, b, 2a–c, 3)
* 1851 Spirolina Humboldti – Reuss: 65; pl. 3, figs. 17, 18.
? 1994 Ammobaculites agglutinans (D´Orbigny 1846) –
Grimm: 62, 63; pl. 2, fig. 6.
1994 Sabellovoluta humboldti (Reuss) – Huber: 63; pl. 1,
figs. 7, 8.
1998 Sabellovoluta humboldti (Reuss) – Cicha et al.: 124,
125; pl. 4, figs. 7, 9.
Type locality and horizon: “Septarienthon”, Hermsdorf
near Berlin (Germany), “Eocene” (sensu Reuss 1851).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, drilling
Allschwil-2.
Catalogue-No.:C39323 (Plate 2, fig. 1), C39300
(Plate 2, fig. 2), C39350 (Plate 2, fig. 3, thin section).
Remarks: Some specimens show the develop-
ment of a trigonal shape in the last few chambers, a
feature reported byAndreae (1890) of “Haplophrag-
mium” humboldti var. trigona.
Sphaeroidina variabilis Reuss, 1851
(Plate 9, figs. 5a, b, 6a, b)
* 1851 Sphaeroidina variabilis – Reuss: 88; pl. 7, figs. 61a–c,
62, 63a, b, 64a, b.
1958 Sphaeroidina bulloides d´Orbigny – Batjes: 140;
pl. 6, fig. 11a, b.
1994 Sphaeroidina variabilis Reuss, 1851 – Grimm: 80, 81;
pl. 3, fig. 7.
1994 Sphaeroidina cf. bulloides d´Orbigny – Huber: 77;
pl. 7, fig. 75-7.
Type locality and horizon: “Septarienthon”, Hermsdorf or
Freienwalde near Berlin (Germany), “Eocene” (sensu Reuss
1851).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, drilling
Allschwil-2, outcrop Eguisheim.
Catalogue-No.:C39318 (Plate 9, fig. 5), C39316
(Plate 9, fig. 6).
Remarks: According to Grimm (1994) the dif-
ferentiation between the very similar species Sphaer-
oidina bulloides d´Orbigny, 1846 and S. variabilis
by means of the deeper suture of the latter is valid and
thus negates the merging of both species affected by
Batjes (1958).
Spiroplectinella carinata (d’Orbigny 1846)
(Plate 2, figs. 9a–c, 10a, b, 11)
* 1846 Textularia carinata – d´Orbigny: 247; pl. 14,
figs. 32–34.
1884 Plecanium carinatum d´Orb. sp. – Andreae: pl. 7,
fig. 10a, b.
1958 Spiroplectammina carinata (d´Orbigny) – Batjes:
98, 99; pl. 1, fig. 2a, b.
1962 Spiroplectammina carinata carinata (d´Orbigny
1826) – Doebl: 386; pl. 56, figs. 6, 7.
1993 Spiroplectinella carinata (d´Orbigny1846)–Grimm:
22–24, fig. 1a, b, fig. 3a–h.
1994 Spiroplectinella carinata (d´Orbigny1846)–Grimm:
64, 65; pl. 1, fig. 5, pl. 2, fig. 8.
1994 Spiroplectinella carinatus (d´Orbigny) – Huber: 64,
65; pl. 1, figs. 13–17.
1998 Spirorutilus carinatus (d´Orbigny) – Cicha et al.:
128; pl. 5, fig. 10.
2002 Spiroplectinella carinata – Grimm: 74, pl. 1, fig. 3.
2003 Spirorutilus carinatus (d´Orbigny) – Sztrákos &
du Fornel: 259, pl. 3, fig. 5.
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Type locality and horizon: not given, probably “Tegel” clay
pit, Nussdorf, Vienna (Austria), “Badenian” (sensu Papp &
Schmidt 1985).
Lectotype: Badenian of Nussdorf, Hauer-D’Orbigny Col-
lection, Geologische Bundesanstalt, Vienna, Austria.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, drilling
Allschwil-2, outcrop Eguisheim.
Catalogue-No.:C39176 (Plate 2, fig. 9), C39177
(Plate 2, fig. 10), C39353 (Plate 2, fig. 11, thin sec-
tion).
Remarks:According to Grimm (1993), the final
positionofthisspeciesiswithinthegenusSpiroplectinel-
la Kiselman, 1972. The proof of pseudopores in the
nominate species (S. wrighti) of Spiroplectinella
renders the younger genus SpirorutilusHofker, 1973
unnecessary, as the latter was only separated due to the
presence of pseudopores (Hottinger et al. 1990).
Siphotextularia labiata (Reuss 1861)
(Plate 3, figs. 12a–c, 13, 14)
* 1861 Textilaria labiata – Reuss: 362; Plate 2, fig. 17a–c.
Type locality and horizon: “Crag, Sand”, Antwerpen
(Belgium), “Pliocene” (sensu Reuss 1861).
Holotype:Depository not given.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, drilling
Allschwil-2, outcrop Eguisheim.
Catalogue-No.: C39319 (Plate 3, fig. 12),
C39356 (Plate 3, fig. 13, thin section), C39357 (Plate
3, fig. 14, thin section).
Remarks:Completely preserved specimens show
an entirely biserial test and are hence attributed to Si-
photextularia due to the flanged aperture. The more
triangular elongated shape, the more rectangular
chamber shape and the more elongated aperture slit
furthermore separate the material from Karreriella si-
phonella.
Trochammina sp.
(Plate 2, fig. 13a–c)
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, outcrop
Eguisheim.
Catalogue-No.:C39285.
Remarks:Due to the coarsely agglutinated, near-
ly discoidal to trochospiral test with four chambers in
the last whorl the material from the research area is
associated with the genus Trochammina.
Trochammina cf. quadriloba (Grzybowski 1896)
(Plate 3, fig. 1a, b)
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202.
Catalogue-No.:C39106.
Remarks:Thematerial from the research area re-
sembles a flattened Trochammina quadriloba. In the
nominate species the four chambers are spherical.
Uvigerina gracilis germanicaCushman& Edwards,
1938
(Plate 8, figs. 1a, b, 2a, b, 3a, b)
* 1938 Angulogerina germanica – Cushman & Edwards:
85; pl. 15, figs. 14–16.
1958 Angulogerinagracilis(Reuss)var. germanicaCushman
& Edwards – Batjes: 136; pl. 6, fig. 4.
1987 Trifarina gracilis (Reuss) var. germanicaCushman &
Edwards – Reiser: 84; pl. 8, fig. 1.
? 1994 Neouvigerina oligocaenica (Andreae) – Huber: 76;
pl. 6, figs. 7, 8, 10, 11.
1998 Uvigerina gracilis Reuss – Cicha et al.: 133; pl. 49,
fig. 11.
Type locality and horizon: Calbe near Magdeburg (Ger-
many), “Lower Oligocene” (sensu Cushman & Edwards
1938).
Holotype: Cushman Laboratory, Sharon, Massachusetts,
U.S.A., No. 24678.
Distribution research area: Late Rupelian,
“Marnes à foraminifères”, drilling DP-202, drilling
Allschwil-2, outcrop Eguisheim.
Catalogue-No.:C39218 (Plate 8, fig. 1), C39214
(Plate 8, fig. 2), C39204 (Plate 8, fig. 3).
Remarks: Batjes (1958) regrouped the species
“Uvigerina” oligocaenica Andreae, 1884, “U.” ger-
manicaCushman& Edwards, 1938 andU. tenuis-
triataReuss, 1870 to be variants ofAngulogerina gra-
cilis (Reuss 1851). At leastUvigerina tenuistriatawas
later re-elevated to species level and reattributed to the
genusUvigerina (e.g. Rögl 1998).Thematerial of the
research area represents the variant germanica, but due
to only minor differences is not raised to species level.
Uvigerina cf.multistriataHantken, 1871
(Plate 8, figs. 4a, b, 5a, b)
Distribution research area: Late Rupelian,
“Marnes à Cyrènes”, drilling Allschwil-2, “Couches à
Mélettes”, drilling DP-202.
Catalogue-No.:C39271 (Plate 8, fig. 4), C39277
(Plate 8, fig. 5).
Remarks:Cicha et al. (1998) report the similar-
ity of the lectotype of Uvigerina multistriata with the
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material described by Reiser (1987) as U. cichai and
judge the latter as being synonymous. The species re-
sembles Uvigerina gracilis germanica Cushman &
Edwards, 1938, but features a more rounded aper-
tural view, more globular chambers and attains its
maximum diameter faster.The trend of a more biserial
arrangement of younger chambers described by Reis-
er (1987) is observable. The rare specimens from the
research area however feature less numerous striae
than the nominate taxon.
5 Other fossil groups
5.1 Calcareous nannoplankton
The samplesW-81 toW-78 (drilling DP-202) are
derived from a transitional facies of organic rich, part-
ly laminated marls containing only poorly preserved,
reworked Mesozoic nannoplankton. Widespread re-
working of Cretaceous and Paleogene nannofossils is
reported from other Late Rupelian localities in the
Upper Rhine Graben (e.g., Mainz Basin, Grimm et al.
2005). In sample W-77 to W-67 the well-preserved
and abundant nannoflora co-occurs with the highly
diverse benthic Foraminifera assemblages of the
“Marnes à foraminifères”. In sampleW-70 a higher ra-
tio of small Reticulofenestra sp. (related to R. minuta)
suggest a calm, fully marine milieu within a well-strat-
ifiedwater column (Coric, pers. comm. 2006). In the
subsequent sample W-67 a higher abundance of Coc-
colithus pelagicus hints at cold-water conditions (7 to
14 °C) and an increased nutrient supply (e.g., Li 2003,
Roetzel et al. 2006, Spezzaferri & Coric
2001).
This trend continues within the lower part of the
“Schistes à poissons” (W-65). Unaffected by the dras-
tic decrease of diversity and abundance of benthic Fo-
raminifera within the “Schistes à poissons”, the perse-
verance of a rich nannoflora with a raised percentage
of Braarudosphaera bigelowii indicates a higher fluvia-
tile freshwater influx (Coric, pers. comm. 2006).
In the entire Paratethys a bloom of Reticulofe-
nestra ornata occurs in the lower NP23 nannoplank-
ton zone. Further occurrences of Reticulofenestra or-
nata are also reported from the zone NP24. The high
abundance of Reticulofenestra cf. R. ornata in sample
W-61 and the absence ofReticulofenestra umbilica and
Ericsonia formosa indicate a general age of NP23-24
for the “Marnes à foraminifères” – “Schistes à pois-
sons” succession of the research area (Coric, pers.
comm. 2006). Reticulofenestra ornata is considered to
be endemic to the Paratethys region (e.g., Melinte
2005).
5.2 Bolboforma
Bolboforma latdorfensis and Bolboforma irregula-
ris share a globular test shape of about 110 μ to 130 μ
in diameter, a short neck with a relatively wide open-
ing and reticulospinose ornamentation. The main dif-
ference between the two species is themore structured,
hexagonal reticulation ofBolboforma latdorfensis. Due
to the difficult classification of the slightly eroded
specimens from the research area, the attribution to
the two species has a preliminary character. The over-
lapping ranges of both species indicate a “Middle”
Oligocene age (NP24; Spiegler & Spezzaferri
2005).
According to Spiegler& Spezzaferri (2005),
Bolboforma are representative for temperate to cool,
fully marine conditions and were restricted to middle
and higher latitudes. The exclusive occurrence of Bol-
boforma in sample A-17 (drilling Allschwil-2) suggests
a short pronounced recurrence of fully marine condi-
tions in the upper part of the “Marnes à Cyrènes”.
5.3 Vertebrata
The record of fish otoliths from the research area
is limited. At the drill site Allschwil-2 otoliths are re-
stricted to the middle part of the “Marnes à Cyrènes”
and the middle part of the Early Rupelian “Zone fos-
silifère”. Within the “Marnes à Cyrènes” the otoliths
suggest a Late Rupelian to Early Chattian age.The de-
duced fish species indicate freshwater to brackish con-
ditions. This coincides with the predominantly brack-
ish ostracod fauna and the near absence of Foraminif-
era in this unit. The single specimen of the lagoonal /
brackish Enoplophthalmus sp. from the “Zone fossil-
ifère” co-occurs with abundant brackish ostracod spe-
cies.
At the drill site DP-202 otoliths occur exclusively
in the uppermost sampleW-1 within the Niederroed-
ern Formation.The occurrence of Palaeolebias symme-
tricus implies freshwater to brackish conditions and a
Late Rupelian to Early Chattian age. In contrast, Da-
palis angustus indicates a brackish milieu and a defi-
nite Rupelian age.This inmplies either an earlier onset
of the Niederroedern Formation in the Late Rupelian
at theDP-202 drill site or the conclusion of an extend-
ed range ofDapalis angustus.
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Cetorhinus parvus, Aeoliscus heinrichi and scales
ofClupea (Meletta) sp.wereonly found in the “Schistes
à poissons” at theDP-202 drill site (sampleW-59) and
the outcrop Rheinweiler. Occurrences within the
subsequent “Couches à Mélettes” are reported by
Pharisat (1991a, b).
Related to the recent basking shark Cetorhinus
maximus, Cetorhinus parvus represents a large, plank-
ton-feeding shark species that generally prefers cooler
water.Aeoliscus heinrichi is interpreted as an “upright”
swimming fish of warmer littoral environments in ac-
cordance with very similar recent species (Pharisat
1991a).Cetorhinus parvus andAeoliscus heinrichiwere
also found in the “Série grise” sediments of the Alls-
chwil clay pit (Hess & Weiler 1955). Dasyatus
(stingrays) represents a shallow marine genus that tol-
erates reduced salinities ( Jost, pers. comm. 2006).
A partial, but relatively complete skeleton of a di-
omedeoidid bird (resembling extant storm petrels)
was found during a field course in 2004. As stated in
De Pietri et al. (2010) the relatively frequent fossil
occurrence of these pelagic birds in the Rupelian of
the Upper Rhine Graben may be related to high sea-
sonal productivity.
6 Biostratigraphy
6.1 Calcareous nannoplankton, fish otoliths,
Charophyta, Ostracoda
According to Berger et al. (2005a, b), the calcar-
eous nannoplankton indicates a range from zones
NP21-22 in the “Zone Fossilifère” to NP23-24 in the
“Marnes à foraminifères” – “Schistes à poissons” –
“Couches à Melettes” succession.
Reticulofenestra ornata (calcareous nannoplank-
ton) from the Paratethys occurs in the NP23-24 nan-
noplankton zone (Text-fig. 3).The high abundance of
Reticulofenestra cf. R. ornata in sampleW-61 from the
drilling DP-202 and the absence of Reticulofenestra
umbilica and Ericsonia formosa indicate a similar age
for the “Marnes à foraminifères” – “Schistes à pois-
sons” succession of the research area (Coric, pers.
comm. 2006).
The fish otoliths “genus Eleotridarum” cf. marti-
nii (sample A-13a, Allschwil-2) and Palaeolebias mon-
asterii (A-20a, Allschwil-2) allow the attribution of
the Upper “Série grise” to the Late Rupelian (Text-fig.
3; otolith-zoneOT-02, Reichenbacher et al. 1996;
Reichenbacher et al. 2002). A single otolith of
Palaeolebias symmetricus recorded from the youngest
sample (W-1) of the Niederroedern Formation of the
drilling DP-202 indicates a Late Rupelian to Earliest
Chattian age and thus implies a slightly earlier onset
of the fluviatile Niederroedern formation than previ-
ously supposed (Text-fig. 3; e.g., otolith zonation in
Berger et al. 2005b, Reichenbacher 2000,
Reichenbacher & Weidmann 1992). A compa-
rable observation is stated by Mödden et al. (2000)
for the time-equivalent freshwater beds (“Süßwassers-
chichten”) of the Mainz Basin.Dapalis angustus from
the same sample represents the type species for the
“Mid”-Rupelian OT-01 otolith zone (see also first de-
scription in Reichenbacher&Weidmann 1992).
More recent discoveries from the Lower Freshwater
Molasse (UMM) of the Swiss Jura Mountains
(Reichenbacher et al. 1996) allow a correlation
also with younger (Early Chattian) ages.
This coincides with the overlapping occurrence of
the algal cysts Bolboforma latdorfensis and Bolboforma
irregularis (Rupelian Bolboforma latdorfensis-Zone;
Spiegler & Spezzaferri 2005), giving a “Middle”
Oligocene age.
The charophyte assemblages from the “Marnes à
Cyrènes” and Niederroedern Formation of the drill-
ing Allschwil-2 andDP-202 suggest a correlation with
the NP24 nannoplankton zone (possibly Chara
microcera zone; Text-fig. 3).
So far no established biostratigraphy based on
Ostracoda exists for Central Europe. A preliminary
scheme was compiled by Steininger et al. (1982),
which describes the Rupelian ostracod-zone No 0 as
lower part of the Oligocene Hemicyprideis helvetica-
superzone of theCentral Paratethys.The index species
Hemicyprideis helvetica and Cyamocytheridea punc-
tatella of the Ostracod-zone No 0 occur in high num-
bers in the “Marnes à Cyrènes” of the research area.
The record of Hammatocythere ex gr. H. oertlii from
the Early Rupelian lower “Zone fossilifère” coincides
with the Earliest Rupelian last occurrence date of the
this species given by Hardenbol et al. (1998).
6.2 Planktonic Foraminifera
6.2.1 Reworking and assemblage ranges
Only four species (Globigerinella obesa [Plate 17,
fig. 4],Globorotaloides variabilis [Plate 18, fig. 6],Den-
toglobigerina baroemoenensis, Globigerina ciperoensis
[Plate 16, fig. 1]) of the recorded planktonic Fo-
raminifera reflect true Oligo-Miocene ranges and are
thus definitely not reworked (Text-fig. 13). The re-
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maining species represent either long-ranging taxa
(e.g.,Globigerina praebulloides [Plate 16, figs. 2, 3],Pa-
ragloborotalia nana [Plate 17, fig. 7],Catapsydrax uni-
cavus [Plate 18, fig. 4]), a few Barton-Priabonian to
Rupelian taxa (e.g., Subbotina angiporoides [Plate 16,
fig. 7]) or some Lutetian to Rupelian taxa (e.g., Sub-
botina utilisindex [Plate 17, figs. 2, 3], Pseudohastige-
rina micra [Plate 17, fig. 6]).
The most important species for isolating assem-
blage ranges are represented by Globigerinella obesa
and Globorotaloides variabilis as “first occurrence”-
marker (both Mid P20 to Miocene), whereas Pseudo-
hastigerina micra (Basal Lutetian to Mid P20, Plate
17, fig. 6), Dentoglobigerina yeguaensis (Late Ypresian
to Late P20), Subbotina utilisindex (Late Lutetian to
Mid P21a), S. angiporoides (Late Priabonian to Mid
P21a) and Chiloguembelina cubensis (Early Bartonian
to Final P21a) may be important “last occurrence”-
marker species (Text-fig. 3). However, according to
their Eo-Oligocene ranges, the latter species could
theoretically all be derived from Eocene deposits, due
to the partly significant rate of reworking observed in
Late Rupelian sediments of the research area.
6.2.2 Possible models of assemblage ranges
(Text-fig. 11)
No reworking of Eo-Oligocene ranging species presumed
(settingA)
According to earliest appearance of the “first
occurrence”-marker Globigerinella obesa (Mid P20 to
Miocene) in sample A-70 (middle “Marnes à fo-
raminifères”) and the “last occurrence”-marker Pseu-
dohastigerina micra (Basal Lutetian to Mid P20) in
Text-fig. 11: Potential biostratigraphic assemblage range settings of the “Série grise” deposits in relation to facultatively reworked,
Eo-Oligocene ranging planktonic Foraminifera species (explanation see text).
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sample A-8a (upper “Marnes à Cyrènes”), the whole
“Série grise” (“Marnes à foraminifères” to “Marnes à
Cyrènes”) of the drilling Allschwil-2 can attributed to
a Mid P20 age. Only the lower part of the “Marnes à
foraminifères” could be older thanMid P20.
At the drilling DP-202 the situation is more com-
plex.Only sampleW-35 (upper “Couches àMelettes”)
represents the Mid P20 age as depicted above. Thus
the older samples W-69 to W-45 (“Marnes à fo-
raminifères” to middle “Couches à Melettes”) cannot
be younger than Mid P20, but older ages are possible
because of presence ofChiloguembelina cubensis (Early
Bartonian to Final P21a) or Subbotina utilisindex
(Late Lutetian toMid P21a) and S. angiporoides (Late
Priabonian to Mid P21a). The youngest evaluable
sampleW-20 (upper “Marnes à Cyrènes”) gives an age
of Mid to Late P20 due to the cooccurrence of Den-
toglobigerina yeguaensis (Late Ypresian to Late P20)
and Globorotaloides variabilis (both Mid P20 to Mi-
ocene).
Reworking of Pseudohastigerina spp. presumed (setting B)
Lacking Pseudohastigerina spp., the range is now
defined byGlobigerinella obesa (Mid P20 toMiocene)
in sample A-70 (middle “Marnes à foraminifères”)
and Subbotina utilisindex (Late Lutetian toMid P21a)
and S. angiporoides (Late Priabonian toMid P21a). In
most of the remaining samples of the drilling Alls-
chwil-2 a Mid P20 to Mid P21a range with a similar
lithostratigraphic coverage as in setting A can be in-
ferred, with possible older ages only in samples A-74a
to A-70.
At the drilling DP-202 the slight extension of the
range to a Mid P20 to Late P20 age is based on Glo-
bigerinella obesa (Mid P20 toMiocene) andDentoglo-
bigerina yeguaensis (Late Ypresian to Late P20) in
sample W-35, with possible older ages in the segment
W-69 toW-45.
Reworking of Pseudohastigerina spp. and Subbotina spp.
presumed (settingC)
Based on the same “first occurrence”-markers as
above and Chiloguembelina cubensis (Early Bartonian
to Final P21a) as “last occurrence”-marker, the corre-
sponding ranges of the relevant lithological units of
the two drill cores extend to a Mid P20 to Final P21a
age at Allschwil-2.
At DP-202 the samples W-69 to W-67 contain
Chiloguembelina cubensis which defines a Final P21a
age or older,W-52 toW-45 yield nomarker andW-35
toW-20 are not older thanMid P20 due to the occur-
rence ofGlobigerinella obesa andGloborotaloides vari-
abilis.
All Eo-Oligocene ranging species reworked (D)
The samples A-72 to A-71 would not be older
than Basal P19, A-70 through A-8a not older than
Mid P20. The samples from the drilling site DP-202
W-35 through W-20 would not be older than Mid
P20.
6.2.3 Evaluation of the most likely range linked to
reworking phases
According to the results in chapter 5.2, four re-
working events took place at the Allschwil-2 drill site:
the lower and middle “Couches à Melettes”, the mid-
dle to upper “Marnes à Cyrènes” as well as the Nieder-
roedern Formation. These events are important for
the biostratigraphic interpretation of the assemblages.
Most of the material indicates a reworking of Lutetian
deposits, as Lutetian ages are present in all of the
above-mentioned reworking events. Priabonian, Ypre-
sian and Cretaceous sediments are of lesser impor-
tance. An increase of material of Priabonian age is ob-
served throughout the “Marnes à Cyrènes” event.
SettingA represents the very shortMid P20 range
based on the presence of Pseudohastigerina micra as
“last occurrence”-marker. The latter species occurs in
low abundance only in five samples (see range charts).
Of these, only one sample contains no reworked
Eocene material.
Setting B presumes Pseudohastigerina micra to be
reworked along with the Eocene material. The upper
boundary of settingB´sMid P20 toMid P21a range is
now defined by the relatively abundant and well-rep-
resented species Subbotina utilisindex and S. angipo-
roides. Of 14 corresponding samples, six samples con-
tain no reworked Lutetian or Priabonian material.
Even if the Late Lutetian to Mid P21a ranging
Subbotina utilisindex should be reworked, the Late
Priabonian to Mid P21a ranging Subbotina angipo-
roides is generally not recorded in samples containing
Turborotalia cocoaensis (marker of reworked Priabon-
ian deposits).Turborotalia cocoaensis thus functions as
last occurrence marker. Samples containing one or
both species of Subbotina are however always linked
to the reworking intervals.
In setting C the upper boundary of the Mid P20
to Final P21a range is defined by Chiloguembelina
cubensis throughout the “Série grise”.Chiloguembelina
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cubensis represents the only “last occurrence”-marker
derived from the “Marnes à foraminifères”. This litho-
logical unit is not affected by reworked material at the
drill sites Allschwil-2 and DP-202. In subsequent
lithological unitsChiloguembelina cubensis occurrenc-
es are always linked to samples within the three re-
working events.
If no reworking of Eo-Oligocene ranging species
is presumed, the maximum range possible within each
lithological unit (dark grey rectangles; Text-fig. 11)
gets progressively shorter and older for each younger
unit.
The situation at the DP-202 drill site tends to be
quite similar, though the reworking events are slightly
offset and start higher up in the lithostratigraphic
column than at Allschwil-2.
6.2.4 Conclusions
Due to the absence of an Oligocene-only “last
occurrence”-marker only limited definite conclusions
can be drawn:
The upper “Marnes à foraminifères” (sam-1.
ple A-70 to A-66) at Allschwil-2 are con-
fined to a Mid P20 to Final P21a age (last
occurrence of Chiloguembelina cubensis,
first occurrence of Globigerinella obesa).
The remaining younger lithological units
of the “Série grise” are not older than Mid
P20 (first occurrence dates of Globigerinel-
la obesa andGloborotaloides variabilis).
The “Marnes à foraminifères” at DP-2022.
are not younger than Final P21a (Chi-
loguembelina cubensis last occurrence). The
lower part of the “Couches àMelettes” can-
not be definitively assigned. The upper
“Couches à Melettes” and the “Marnes à
Cyrènes” can be attributed to an age not
older than Mid P20 (same two species as
Allschwil-2).
The exclusive association of Subbotina spp. within
the range of the reworking events of the “Série grise”
suggest an allochthonous source of these taxa.
The state of preservation of the rare Pseudohasti-
gerina micra is generally poor and its occurrence is al-
most always linked to reworking events.Therefore, the
age of the “Série grise” at Allschwil-2 is most likely to
be placed within the “Chiloguembelina cubensis –Glo-
bigerinella obesa / Globorotaloides variabilis”-assem-
blage range of Mid P20 to Final P21a (light grey area
of setting C; Text-fig. 11). Additionally the “last
occurrence”-date of Pseudohastigerina spp. remains
somewhat uncertain, as either all species disappear at
the P18/P19 boundary (e.g., Gradstein et al. 2004,
Hardenbol et al. 1998) or P. micra continues until a
Mid P20 age (Spezzaferri & Premoli Silva
1991).
At the drill site DP-202 the parameters are even
less precise. However, an attribution of the “Série
grise” to a similar age range seems plausible, due to the
basin-wide, supposedly isochronous onset of the sedi-
mentation (“Marnes à foraminifères”) at the base of
the second Rupelian transgression into the Upper
Rhine Graben.
Based on a Mid P20 age, the initial flooding of
the Upper Rhine Graben does not exactly coincide
with the maximum flooding of the global Ru2 se-
quence, but may rather correspond to the late high-
stand.
7 Reworking of Cretaceous and Paleogene
Foraminifera
7.1 Earlier reports
7.1.1 Upper Rhine Graben and adjacent northern and
eastern areas
Fischer (1965a) published the single compre-
hensive survey on reworked microfaunas (mainly
planktonic Foraminifera) in Rupelian and earliest
Chattian sediments from the southern Upper Rhine
Graben in his thesis on the regional geology of the
area southeast to the city of Basel (Text-fig. 12). Ad-
ditional outcrops include the clay pits of Allschwil
(see also Fischer 1965b) and Therwil (south of Ba-
sel; see also Bitterli-Brunner & Fischer 1988)
as well as the Froidefontaine clay pit (southeast of Bel-
fort, E France). As reported by Fischer (1965a), a
strong increase in abundance and diversity can be ob-
served towards the top of the “Série grise”, i.e. the re-
gressive phase of the second Rupelian transgression.
According to Fischer (1965a) the occurrence of re-
workedmicrofaunas is limited to the upper part of the
“Couches à Melettes” (“Septarienton”) and the lower
part of the “Marnes à Cyrènes” (“Cyrenenmergel”).
Fischer (1965a) compiled an overview of the
Oligocene Foraminifera assemblages for the following
adjacent sedimentary basins based on the data from
numerous publications.

ht
tp
://
do
c.
re
ro
.c
h
Oligocene sands from the Lower Rhine Embay-
ment (Ruhr area,WGermany) yield abundant Jurassic
to Paleogene benthonic and planktonic Foraminifera
(e.g., “Globotruncanids”). Late Oligocene sediments
from the Hessian Depression (C Germany) bear Late
Cretaceous debris including microfaunal components
and reworked Paleogene planktonic Foraminifera (e.g.
Heterohelix, “Globotruncanids”).
Abundant reworked Cretaceous and Paleogene
planktonic Foraminifera occur in Rupelian beds of
the Mainz Basin that are equivalent to the upper
“Couches à Melettes” and the “Marnes à Cyrènes” of
the research area. This coincides with the very abun-
dant and diverse reworked Cretaceous and Paleogene
planktonic Foraminifera assemblages from the Late
Rupelian “Oberer Rupelton” and “Schleichsand” (=
“Série grise”) of the Mainz Basin (W Germany; Text-
fig. 12) reported by Schäfer & Kuhn (2004). Ac-
cordingly, autochthonous species are often outnum-
bered by the well preserved reworked material.
Schäfer & Kuhn (2004) correlate the onset of the
reworking with the first sedimentation of more psam-
mite-dominated sediments at the base of the Stadeck-
en Formation (= upper “Couches à Melettes”). Addi-
tional Rupelian localities from the Mainz Basin evi-
dencing episodes of reworked Cretaceous and Paleo-
gene material include the Junk clay pit (WMainz Ba-
sin;Grimmet al. 2005) and thedrillingLautersheim-1
(S Mainz Basin; Schäfer 2000).
Fischer (1965a) also reports Cretaceous plank-
tonic Foraminifera from two drill cores of Late Rupe-
lian “Série grise” deposits from the central Upper
Rhine Graben (Karlsruhe area, SWGermany).
Hasemann & Heinemann (1957) describe
Cretaceous (abundant large “Globotruncana sp.”) and
possibly Eocene (“Globorotalia sp.”) faunal elements
from an outcrop of supposedly Late Rupelian age
(“Couches à Melettes”) from the eastern slope of the
Kaiserstuhl volcano.
Ohmert (1993) described one single, suppos-
edly autochthonous benthonic and planktonic Fo-
raminifera assemblage of early P17 age (e.g., Turboro-
talia cocoaensis [Plate 14, fig. 5]). The assemblage is
described from the Late Eocene basal “Couche rouge”
bed (“Rote Leitschicht”) of the drilling Bremgarten-1
(near Bad Krozingen, Baden, SWGermany).
7.1.2 Jura Molasse (NW Switzerland)
Fischer (1965a) describes Cretaceous elements
in coarse Oligocene clastica from several locations of
the Jura Molasse. Recent samples have been provided
by the Section de Paléontologie (Transjurane project,
Canton du Jura). They were obtained from Rupelian
and ?Chattian sediments (“Septarienton”, “Molasse al-
sacienne”) of the Porrentruy and Delémont area and
yield Cretaceous and Paleogene reworked Foraminif-
era (including Nummulites).
7.1.3 Molasse Basin and northern Alpine margin
Weidmann, Homewood & Fasel (1982) de-
scribed poorly preserved Cretaceous, Paleocene and
Eocene planktonic Foraminifera in the marine Rupe-
lian Cucloz Formation from the western flank of the
Romond Prealps (W Switzerland) by.
One section in the lower part of of the open ma-
rine Late Rupelian (P20) Val d´Illiez Formation (W
Chablais Prealps, Haute-Savoie, E France) bears poor-
ly preserved Late Cretaceous and Late Paleocene to
Middle Eocenematerial (Ujetz, Kindler&Wern-
li 1994).
Abundant Late Cretaceous (e.g., Globotruncana
linneiana [Plate 12, fig. 5]) andMiddle to Late Eocene
(e.g.,Morozovella lehneri [Plate 14, Fig. 8],Turborota-
lia cocoaensis [Plate 14, fig. 5]) planktonic Foraminif-
era are recorded from the Oligocene, supposedly
Rupelian, Flysch deposits of the deeper marine Ger-
sterngraben Formation in the Canton of Bern, W
Switzerland (Scherer 1966).
Fischer (1965a) describes reworked Cretaceous
and Paleogene planktonic Foraminifera from mainly
younger Chattian and / orMiocene (partly subalpine)
Molasse units. These are found in Yverdon, Bulle and
Fribourg (W Switzerland),Wynau (NC Switzerland),
the Beichlen-Honegg area (Prealps, canton Lucerne,
C Switzerland) and along the Bavarian Alpine margin
(S Germany) (Text-fig. 12). Reworked Cretaceous
species (including the genera Globotruncana,Globige-
rinelloides, Heterohelix) from Eggenburgian localities
are confirmed byWenger (1987). A single Rupelian
(lower Marine Molasse, “UMM”) outcrop yielding
Cretaceous and Paleogene material reported by
Fischer (1965a) is located near Bregenz (Vorarlberg,
W Austria). No reworking is indicated by Reiser
(1987) in his monographic publication on the
Rupelian Foraminifera assemblages from southern
Bavaria.
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Text-fig. 12:Distribution of localities containing reworked planktonic Foraminifera and possible source localities in theUpper Rhine
Graben, the Swiss Molasse Basin, the subalpine Molasse and the Helvetic Paleogene
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7.2This study
7.2.1 Stratigraphic distribution of the reworked material
in the research area
Compared to Fischer (1965a), the two drill
cores Allschwil-2 and DP-202 and the outcrops
Eguisheim (“Marnes à foraminifères”), Retzwiller (up-
per “Couches à Melettes”) andWessenberg (“Molasse
alsacienne”) extend the stratigraphic coverage. The
range of evidently reworked Foraminifera is thereby
also extended. The onset of reworked material at the
drilling sites DP-202 and Allschwil-2 starts in the
middle “Couches àMelettes” and in the basal “Couch-
es à Melettes” respectivly (Text-figs. 6, 11).
The onset of reworked Foraminifera coincides
with the second lithological unit (“Couches à
Mélettes”) of the second Rupelian transgression of the
Upper Rhine Graben. According to Berggren et al.
(2006) the Late Middle Eocene to Late Eocene (P12
– P15) ranging speciesAcarinina echinata (Text-fig. 8;
Plate 18, fig. 1) recorded from the “Marnes à fo-
raminifères” possibly ranges into the Oligocene. Thus
its status as reworked species is under consideration.
Four consecutive, increasingly diverse and abun-
dant episodes characterize the reworking in the drill
core Allschwil-2. All four events are generally linked
to increased clastic input and include Late Cretaceous
and Paleogene taxa. The four pulses relate to the low-
ermost andmiddle “Couches àMelettes”, the “Marnes
à Cyrènes” as well as scarce occurrences within the la-
custrine Niederroedern Beds.
The reworked Foraminifera of the drilling DP-
202 are less clearly linked to increasing clastic input,
though the general trend can also be observed. A sin-
gle event (sample W-45) derived from the middle
“Couches à Melettes” is followed by two more or less
brief episodes in the upper “Couches àMélettes”.With
the overall increase in clastic input the diversity and
abundance of reworked specimens rises throughout
the “Marnes à Cyrènes”. Cretaceous species only occur
in the upper part of this stratigraphic unit. A single
isolated sample from the Niederroedern Formation
(W-12) yielded one Paleogene species (Text-fig. 7).
Eocene and Cretaceous material is also reported
from the clay pit Retzwiller (“Couches à Mélettes”;
Text-fig. 10) and the outcrop Wessenberg (“Molasse
alsacienne”; both Sundgau, E France).
7.2.2 Magnitude and range of reworked planktonic
Foraminifera
The samples from the research area yielded 10
Cretaceous (Text-fig. 14) and 21 Eocene (Text-fig. 13)
reworked, rather well preserved taxa. Species with a
predominantly Lutetian range represent by far the
most abundant group (e.g.,Acarinina bullbrooki [Plate
13, fig. 4],A. rugosoaculeata [Plate 14, fig. 4]; see Text-
figs. 15, 16). Only one Ypresian (Morozovella subboti-
nae [Plate 15, figs. 1, 2]) and three post-Lutetian (e.g.,
Turborotalia cocoaensis) species occur in the research
area. The single Paleocene species Chiloguembelina
midwayensis (Plate 15, fig. 5) is rare and poorly pre-
served. Several Eocene to Oligocene / Miocene, bios-
tratigraphically important species are potentially re-
worked. Most occurrences of the latter like Subbotina
utilisindex and Pseudohastigerina micra are linked to
reworking events and are thus supposed to be of allo-
chthonous origin (see chapter 5.2).
The essentially Late Cretaceous species concen-
trate on three intervals; a Cenomanian (e.g., Rotalipo-
ra brotzeni [Plate 13, fig. 2]), a Turonian to Santonian
(Marginotruncana pseudolinneiana [Plate 12, figs. 8,
9]) and a Campanian toMaastrichtian (e.g.,Heterohe-
lix striata) interval (Text-fig. 17). The Turonian to
Santonian interval is only observed at the outcrop
Retzwiller (Text-figs. 10, 14).
No clear age-trends can be observed in the re-
worked assemblages. In the upper part of the drilling
Allschwil-2 (“Marnes à Cyrènes” and Niederroedern
Formation) a slight shift from Lutetian towards Lute-
tian to post-Lutetian ranging species is apparent. At
the DP-202 drill site the trend tends to be reversed,
from Late Lutetian and Priabonian species in sample
W-45 to predominantly Lutetian and Ypresian as well
as Cretaceous species in the samples W-20 andW-18.
Both samples from the clay pit Retzwiller cover the
whole Eocene range (Morozovella subbotinae, Glo-
bigerinatheka semiinvoluta). The outcrop Wessenberg
is rather restricted to a Bartonian to Priabonian age
(Turborotalia cocoaensis, Subbotina eocaena).
Fischer (1965a) lists 26 corroded Cretaceous
and about 16 Eocene, relatively well preserved species
(without open taxa). According to Fischer (1965a),
the stages Cenomanian, Turonian, Campanian,Maas-
trichtian and Lutetian to Priabonian are confirmed.
Schäfer & Kuhn (2004) report 38 Cretaceous and
38 Paleocene to Eocene species (without open taxa).
Identical taxa of both references and the research area
are listed in Table 1.

ht
tp
://
do
c.
re
ro
.c
h
Text-fig. 13: Biostratigraphic ranges of recorded Paleogene planktonic Foraminifera species.
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Text-fig. 14: Biostratigraphic ranges of recorded Cretaceous planktonic Foraminifera species.
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Text-fig. 15: Per sample distribution of reworked planktonic Foraminifera species ranges (Eocene drilling Allschwil-2). Greatest over-
lap indicates the most likely source age(s).
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Text-fig. 16: Per sample distribution of reworked planktonic Foraminifera species ranges (Eocene drilling DP-202). Greatest overlap
indicates the most likely source rock age(s).
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Text-fig. 17: Per sample distribution of reworked planktonic Foraminifera species ranges (Cretaceous). Greatest overlap indicates the
most likely source rock age(s).
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7.3 Discussion of source areas
7.3.1 Cretaceous
Widespread Late Cretaceous sedimentation took
place on the Helvetic shelf and adjacent areas around
the Rhenish Massif (Dercourt et al. [eds.] 2000).
Prior to the initial Paleogene sedimentation, the entire
Cretaceous succession was eroded within the research
area and adjacent areas to the south (e.g., northern
Jura region). This lead to the deposition of the terres-
trial-lacustrine Lutetian to Priabonian Siderolithic
clays directly within and on karstic Late Jurassic lime-
stones (e.g., Berger et al. 2005a, b). At the drill site
Allschwil-2 a basal unit of red clays containing piso-
Fischer (1965) this study author
Cretaceous:
Heterohelix striata Heterohelix striata (Ehrenberg)
Heterohelix globulosa Heterohelix globulosa (Ehrenberg)
Praeglobotruncana delrioensis Praeglobotruncana delrioensis (Plummer)
Rotalipora brotzeni Rotalipora brotzeni (Sigal)
Globotruncana linneiana Globotruncana linneiana (d´Orbigny)
Globotruncana fornicata Contusotruncana fornicata (Plummer)
Globotruncana cf. arca Globotruncana arca? (Cushman)
Paleogene:
Globorotalia bullbrooki Acarinina bullbrooki (Bolli)
Globorotalia cf. subbotinae Morozovella subbotinae (Morozova)
Globorotalia pseudotopilensis Acarinina pseudotopilensis (Subbotina)
Globorotalia opima nana Paragloborotalia nana* (Bolli)
Globorotalia rugosoaculeata Acarinina rugosoaculeata (Subbotina)
Globigerina primitiva Acarinina primitiva (Finlay)
Globigerina praebulloides* Globigerina praebulloides* Blow
Globigerina ampliapertura* “Zeaglobigerina” ampliapertura* (Bolli)
Globigerinita unicava* Catapsydrax unicavus* (Bolli, Loeblich&
Tappan)
Schäfer &Kuhn (2004) this study author
Cretaceous:
Globotruncana? arca Globotruncana arca? (Cushman)
Globotruncana fornicata Contusotruncana fornicata (Plummer)
Globotruncana cf. linneiana Globotruncana linneiana (d´Orbigny)
Marginotruncana pseudolinneiana Marginotruncana pseudolinneiana Pessagno
Rotalipora brotzeni Rotalipora brotzeni (Sigal)
Paleogene:
Acarinina bullbrooki Acarinina bullbrooki (Bolli)
Acarinina primitiva Acarinina primitiva (Finlay)
Acarinina pseudotopilensis Acarinina pseudotopilensis (Subbotina)
Globigerinatheka subconglobata micra Globigerinatheka micra (Shutskaya)
Morozovella subbotinae Morozovella subbotinae (Morozova)
Pseudohastigerina micra Pseudohastigerina micra* (Cole)
Turborotalia cerroazuelensis cocoaensis Turborotalia cocoaensis (Cushman)
* not necessarily reworked (as marked by the author)
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lithic ore (“Siderolithic”) lies discordantly on Late
Jurassic oolithic carbonates. A Late Jurassic/Lower
Cretaceous – Eocene unconformity also exist in the
northwestern Helvetic Realm (e.g., Herb 1988,
Berger et al. 2005b). This implies an origin of Late
Cretaceous planktonic Foraminifera located further
to the South or the Southeast. Fischer (1965a) pro-
posed marginal alpine source rocks like the “Couches
rouges” of the “Klippen”-belt. More recently this has
however been contradicted by Berger (1995), as an
alpine source would imply the reworking of older than
Late Cretaceous planktonic Foraminifera. In the Jura
region deeper marine conditions necessary for the oc-
currence of planktonic Foraminifera were only estab-
lished by the Albian or Cenomanian (Berger
1995).
7.3.2 Paleogene
The Lutetian succession of the Upper Rhine
Graben lacksmarine sediments (e.g., Allschwil-2 bore-
hole, this study; Berger et al. 2005a, b, Sissingh
1998) and lies discordantly on Late Jurassic oolithic
limestones.Therefore, a Late Rupelian erosion of local
pre-Priabonian marine deposits caused by regional
marginal (relative) uplift due to synrift movements
can be excluded. A single enigmatic, rather poorly pre-
served foraminiferal assemblage indicating a Priabon-
ian age (e.g., Globigerinatheka semiinvoluta, Turboro-
talia cocoaensis) is found in thebasal “RoteLeitschicht”
of the drill site Bremgarten-1 near Freiburg i. Br.
(Ohmert 1993; Text-fig. 23, map c). The planktonic
species are associated with abundant benthic taxa that
indicate shallow water conditions (e.g., Elphidium
spp., Pararotalia spp.). The planktonic species are
abundant and similar to those found in the Late
Eocene “Globigerinen-Schiefer” of central Switzer-
land (Eckert 1963). Furthermore, the benthic as-
semblage is relatively small-sized. Therefore Ohmert
(1993) suggest a deposition induced by a short-term
shallow marine ingression from the North Alpine
Foreland Basin. The abraded, supposedly autoch-
thonous species preserved within small fragments of
clastic matrix, the occurrence of few “Globotruncana”
spp. and the presence of Jurassic limestone pebbles
however may also indicate a deposition as (fluviatile)
erosional residues. At the drill site Allschwil-2 located
further to the south, equivalent sediments are free of
microfossils. Sissingh (1998, 2003, 2006) proposes
successive Priabonian to Early Rupelian ingressions
via the Bresse Graben in the southwest and the inter-
mediate transfer zone.
The northwest European Tertiary Basin (e.g.,
Lower Rhine Embayment, N German Basin) is ruled
out as origin for reworked Paleogene species for sev-
eral reasons. The Eo-Oligocene successions of the ad-
jacent basins (France, Belgium, NGermany, England)
are generally well developed and were not exposed to
widespread erosion in the late Rupelian (Vinken et
al. 1988). Furthermore, in the adjacent Tertiary basins
abundant planktonic species are absent (see Fischer
1965a) and the basins may have been palaeogeograph-
ically isolated (e.g., between Lower Rhine Embay-
ment, Neuwied and Mainz Basin; Meulenkamp et
al. 2000, Sissingh 2003). Finally, long distance trans-
portation and the direction of sedimentary discharge
in the Late Rupelian of the research area (deltaic sys-
tem; Roussé 2006) all present problems for a supply
from the north.
Though a stepwise northwestward progression of
the Helvetic shelf and the adjacent foreland bulge is
observable in the Paleocene and Eocene (e.g. Herb
1988, Kempf & Pfiffner 2004, Lihou 1995, Sin-
clair 1996),marine sediments apparently were never
deposited as far north as necessary (e.g. the future
Swiss Jura region) to be subject to a Late Rupelian
outer-alpine uplift and erosion.
Fischer (1965a), Schäfer & Kuhn (2004)
and Roussé (2006) propose an alpine source for the
allochthonous Paleogene faunas in the Late Rupelian.
Widespread deep marine marls and sandstones to
shallow marine carbonates, which could act as a pos-
sible source, were deposited in theHelvetic realm dur-
ing Paleocene and Eocene times (e.g., Herb 1988,
Lihou 1995, Menkveld-Gfeller 1995). Re-
worked Cretaceous and Lutetian to Priabonian faunal
elements are found in Rupelian sediments of the Swiss
Molasse Basin (e.g., Scherer 1966, Ujetz et al.
1994). Therefore, the Helvetikum must already to
some extent have been affected by uplift (mesoalpine
orogeny) and erosion by the Rupelian.
Fischer (1965a) and Sissingh (1998) suggest a
marine sediment supply via the “Raurachian” depres-
sion (east of Basel). The latter possibly connected the
Molasse Basinwith the southernUpper RhineGraben
in the late Rupelian. This constellation would imply
that eroded material was primarily deposited into the
North Alpine Foreland Basin. Further transport
against an eastern trending axial marine drainage sys-
tem over the elevated foreland bulge into the southern
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Upper Rhine Graben by means of marine currents
only seems rather unlikely.
Schäfer & Kuhn (2004) and Roussé (2006)
assume a fluviatile source with direct alpine origins.
While a direct alpine provenance seems to repre-
sents the most likely solution, the timing of the retreat
of the Lower Marine Molasse (UMM) sea is critical.
According to Berger (1995) and Berger et al.
(2005a, b), the sea of the Lower Marine Molasse al-
ready retreated as far to the east as central Switzerland
in the Late Rupelian (NP24). Linked with the in-
creased rate of the latemesoalpine orogeny (Sissingh
1998, 2003), a fluviatile system ancestral to the Chat-
tian “Genferseeschüttung” fed by the first alluvial fans
within rising Helvetic units may have developed. This
system could have already supplied the persistent ma-
rine Southern Upper Rhine Graben with clastic mate-
rial in the lower “Couches àMélettes”.The installation
of an extensive deltaic system (Text-fig. 18) at the de-
but of the “Couches àMélettes” has been demonstrat-
ed by Roussé (2006).The sedimentary structures like
flute casts, sole structures and flow ripples throughout
the research area (e.g. Güwenheim, Rheinweiler) and
the adjacent Laufen Basin have an exclusively north-
Text-fig. 18: Palaeopanoramic interpretation of the southernmost Upper Rhine Graben deltaic system, the southwesternMolasse Sea
and the developing Alps in the Late Rupelian.
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wards orientation. The sedimentary architecture indi-
cates progressive pro-delta, delta-front, estuarine and
fluviatile deposits. Both structures and architecture
confirm a vast river system discharging northwards
into the southern Upper Rhine Graben area during
Late Rupelian and Chattian times.
7.4 Conclusions
The presence of dominantly Lutetian and addi-
tionally Ypresian, Priabonian and Late Cretaceous as-
semblages implies erosion of sediments of correspond-
ing age south or southeast to the southern Upper
Rhine Graben in the Late Rupelian (NP24; mid P20-
21a). The most likely source of the reworked Eocene
species lies within the Helvetic realm. Therefore, a
considerable uplift linked to the late mesoalpine orog-
eny, must already have taken place by this time. In the
western part of the Swiss Molasse Basin vast alluvial
fans consequently started to develop over the fan-del-
tas and sediments of the rapidly regressing Lower Ma-
rine Molasse (UMM) sea. The general WSW – ENE
axial drainage pattern within the Basin was shortly
thereafter redirected in the narrower southwestern
part of the basin by sediment overfill. While the ENE
regressing Molasse Sea continued to be fed by axial
tributaries, the massive clastic accumulations in the
southwestern part of the SwissMolasse Basin overrode
the relief of the foreland bulge and induced a north-
wards trending drainage system (Text-figs. 18, 25). In-
termediately situated Late Cretaceous sediments were
correspondingly subjected to fluviatile erosion and
may have acted as source area of the accordingly re-
worked taxa (Text-fig. 18).With the onset of turbidit-
ic pro-delta sedimentation in the lower “Couches à
Mélettes” the link between the source area and the
Upper Rhine Graben was established. More localised
temporary flash flood events could explain the pre-
deltaic occurrence of a single reworked species in the
slightly earlier “Marnes à foraminifères” at the outcrop
Eguisheim. While the more southern drill site Alls-
chwil-2 was affected earlier by allochthonous species
than the drilling DP-202, both localities registered a
maximum of reworking in the upper part of the
“Marnes à Cyrènes”.
Some 300 km to 350 km further north of the
study area abundant similar Eocene and Cretaceous
speciesarerecordedfromtheMainzBasinbySchäfer
& Kuhn (2004) at the base of the Stadecken Forma-
tion (upper “Couches à Mélettes” equivalent). This
indicates very low delta-front gradients and relatively
rapid submarine progradation within the laterally re-
stricted Graben boundaries. Long distance turbiditic
suspension transport could explain the relatively good
preservation of the material.
The rarer occurrence of allochthonous fauna in
the ?Latest Rupelian to Early Chattian fluviatile to la-
custrine Niederroedern Formation of the southern
Upper Rhine Graben may be due to increased abra-
sion within the generally coarse grained sediments, or
the shift to different source areas lacking planktonic
Foraminifera. Abundant reworked species are howev-
er recorded from numerous localities in the Chattian
Lower FreshwaterMolasse (USM) of Switzerland and
southern Germany.
8 Palaeoecology
8.1The “Zone Fossilifère” (Early Rupelian)
Only a few, generally rather poorly preserved spe-
cies of benthic Foraminifera occur in the lower part of
the “Zone fossilifère” (samples A-155 toA-142) at the
Allschwil-2 drill site. Deeper marine taxa as Praeglo-
bobulimina coprolithoides (Plate 7, fig. 13) and Bolivi-
na cf. B. crenulata (Plate 7, fig. 7) are restricted to the
sample A-155 at the base of the unit. According to
Spezzaferri&Coric (2001), thePraeglobobulimi-
na group and the Bolivinids, characterised by a large
surface area, give an inner shelf to upper bathyal depth
estimate and indicate reduced oxygen conditions.
The rare occurrence of Porosononion sp., Flintina
cf. F. variolaria (miliolid; Plate 4, fig. 10) and Cibici-
doides oligocenicus (attached epifauna, hard substrates;
Plate 9, fig. 10) in the subsequent two samples suggest
a shallower, well-oxygenated environment. The infra-
circalittoral Porosononion granosum is attributed to
habitats influenced by high water energy and / or low-
ered salinities. This may indicate the beginning of an
increased freshwater influx into the basin. It coincides
with the presence of poorly preserved specimens of
Limnocythere sp. within an otherwise marine ostracod
fauna.
The scarce data from the research area is in good
accord with the information on the isochronous Mid-
dle Pechelbronn Beds of the Mainz Basin located in
the northernmost part of the Upper Rhine Graben.
Bolivina sp., Bulimina coprolithoides and Cibicides sp.
are recorded from the lower part of the aforemen-
tioned unit (Radtke et al. 2006). Additional fully
marine taxa from the Middle Pechelbronn Beds like
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Bolivina beyrichi and Cyclammina placenta are listed
in Grimm 2002.
8.2The lowermost “Série grise”: “Marnes à
foraminifères” (Late Rupelian)
Overview
The presumably short interval of the “Marnes à
foraminifères” yields the most abundant and diverse
fauna of benthic Foraminifera within the research
area. It represents the initial flooding of the second
Rupelian transgression into the Upper Rhine Graben.
In contrast to the well-preserved benthic species the
planktonic taxa, though abundant, are poorly pre-
served and thus difficult to determine. The maximum
diversity of 39 benthic and 3 planktonic species was
found in sample 3 of the marginal outcrop Eguisheim.
The overall diversity of the “Marnes à Cyrènes”
amounts to 67 benthic and 5 planktonic species of Fo-
raminifera.
The textulariids, rotalids and lagenids represent
the most important groups. Miliolids and buliminids
as well as smooth branching or coiled agglutinated
species play a less important role (Text-figs. 4–7,
19–21). As many species from the research area range
throughout the “Marnes à foraminifères”, a clear sub-
division of the unit as reported within the Mainz Ba-
sin (e.g., Grimm 1998, 2002) is only partly possible
(Text-fig. 19).
Some trends however can be observed:
Karreriella siphonella exilis1. (Plate 3, figs. 8–10)
and Nodosaria capitata striatissima (Plate 5,
fig. 5) only occur in the lower part of the
“Marnes à foraminifères”.
Spiroplectinella carinata2. (Plate 2, figs. 9–11)
andHeterolepa dutemplei (Plate 10, fig. 10) are
missing in the uppermost samples of the unit.
Bolivina3. spp. only appears in the upper part of
the “Marnes à foraminifères”.
Trochammina4. spp. and the Cibicidoides group
never occur in the basal samples.
The “Marnes à foraminifères” at the Allschwil-2
drill site are characterized by a general increase of di-
versity and near absence of miliolids. At the drill site
DP-202miliolids are present throughout the unit and
show a drop in diversity in themiddle part. As the spe-
cies from trend 1 and 2 (see above) are missing from
the incomplete succession at the locality Eguisheim,
the latter faunistically relates to the upper part of the
basinal “Marnes à foraminifères”.
Palaeoenvironment
(Text-figs. 20–22)
The agglutinated Foraminifera are dominated by
detritivore or bacterivore epifaunal and infaunal spe-
cies (e.g.,Ammodiscus incertus [Plate 1, fig. 6], Sabello-
voluta humboldti [Plate 2, figs. 1–3], Repmanina cha-
roides [Plate 1, figs. 7, 8]). Erect tubular or branching
suspension feeders (Bathysiphon taurinensis [Plate 1,
fig. 1], Rhizammina? sp. [Plate 1, fig. 3],Hyperammi-
na sp. [Plate 1, fig. 2]) indicating reduced water turbu-
lence and attached herbivores (some Trochamminids)
are rare or absent. Compared to data assembled from
recent Foraminifera assemblages ( Jones & Char-
nock 1985), the distribution of agglutinated Fo-
raminifera from the research area indicates upper
bathyal to outer shelf habitats throughout the “Marnes
à foraminifères” (Text-figs. 20–22). Only at the drill
site DP-202 a slight shallowing up from upper bathyal
zone to outer shelf may be deduced.
Though the individual species mostly show wide
depth distributions (shelf to bathyal zone), the range
can be narrowed down to 200m to 500mwater depth
according to data fromRögl&Spezzaferri (2003)
and Spezzaferri et al. (2004). Indicative taxa in-
cludeKarreriella chilostoma (200mto1000m;Plate 3,
figs. 4, 5), Reophax scorpiurus (Plate 1, fig. 9) and
Text-fig. 19: Comparison of the “Marnes à foraminiferes” units
sensu Grimm (1998, 2002) of the study area (South) and the
Mainz Basin (North)
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Text-fig. 20: Palaeoecological parameters of benthic Foraminifera species from the “Marnes à foraminiferes” at the Eguisheim
outcrop.
Text-fig. 21: Palaeoecological parameters of benthic Foraminifera species from the “Marnes à foraminiferes” at the Allschwil-2 drilling.
Text-fig. 22: Palaeoecological parameters of benthic Foraminifera species from the “Marnes à foraminiferes” at the DP-202 drilling.
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Spiroplectinella carinata (30 m to 500 m), Uvigerina
spp. (100 m to > 4500 m), Heterolepa spp. (25 m to
500 m) and Melonis pompiliodes (50 m to 4000 m;
closely related to M. affinis). The absence of Karreri-
ella chilostoma at the locality Eguisheim may reflect
shallower depths due to its more marginal position.
The presence of abundant infaunal species, “oxic”
species (e.g., Cibicidoides spp., miliolids) and indica-
tors of suboxic conditions (Uvigerina spp., Sphaeroidi-
na spp., Gyroidinoides spp.) suggests generally well-
oxygenated, occasionally slightly depleted bottom
waters (Text-figs. 20–22).The single rare, dysoxic spe-
cies Bolivina beyrichi (Plate 7, figs. 3, 4) appears only
in the upper part of the “Marnes à foraminifères”.
Water temperatures were generally low, as indi-
cated by abundant cold (e.g., Turrilina alsatica [Plate
7, fig. 12], Cibicidoides spp., small Globigerinids) and
cold to temperate water species (e.g.,Bulimina alsatica
[Plate 7, figs. 14, 15], Heterolepa dutemplei [Plate 10,
fig. 10]).
A few species like Uvigerina gracilis germanica
(Plate 8, figs. 1–3),Melonis affinis (Rögl & Spezza-
ferri 2003) and Chiloguembelina cubensis (Huber
1994; Plate 15, figs. 7, 8) suggest slightly elevated nu-
trient / organic matter levels (Text-figs. 20–22).
The high abundance of buliminids, cibicidoids,
textulariids, uvigerinids, Pullenia spp. and Sphaeroidi-
na variabilisi (Plate 9, figs. 5, 6), amongst others repre-
sents a typically fullymarine, normal saline Foraminif-
era assemblage (Grimm& Steurbaut 2001, Ujetz
1996).
Theassemblagesfromthe“Marnesàforaminifères”
of the drill sites Leymen (eastern border of the Alls-
chwil Graben; NW Switzerland) and Rheinach (west
of themain easternGraben fault), investigated byHu-
ber (1994), show quite similar distributions. The lat-
ter were interpreted to represent outer shelf to upper-
most bathyal depths, in accordance with the cooccur-
rence of spinose planktonic Foraminifera likeGlobige-
rina praebulloides (Plate 16, figs. 2, 3). A well oxygen-
ated water column and sediments respectively as well
as a slowly increasing nutrient supply may be assumed.
Comparable conclusions for the fauna of the “Marnes
à foraminifères” of the northern Upper Rhine Graben
(Mainz Basin) were drawn by Grimm (1994).
8.3The lower “Série grise”: “Schistes à poissons”
(Late Rupelian)
Overview
At the boundary “Marnes à foraminifères” /
“Schistes à poissons” the lithology changes abruptly
from greenish / brownish marls to a black / dark
brown, finely laminated “paper schist”. This change is
also documented by a sudden decrease in diversity and
abundance of the Foraminifera taxa.The total number
of Foraminifera taxa in the research area consists of 2
planktonic and 23 benthic, mainly suboxic to dysoxic
infaunal and epifaunal species.The abundant infaunal
agglutinated Foraminifera present in the “Marnes à
foraminifères” disappear (Text-figs. 4–7).
Oxic epifaunal elements are represented by dwarf
species as for example Cibicides amphisyliensis (Plate
10, fig. 2). Only dysoxic or suboxic endo- to epifaunal
elements like Bolivina beyrichi (Plate 7, figs. 3, 4),
Siphonodosaria ewaldi (Plate 9, fig. 2) or Melonis af-
finis (Plate 10, fig. 5) are abundant and / or normally
developed (Text-fig. 9). Other suboxic species likeGy-
roidina brockerti (Plate 11, fig. 1) and Gyroidinoides
girardanus (Plate 11, fig. 2) display dwarfism or are
limited to the lowermost part of the unit. Reticulo-
phragmium? acutidorsatum exigua (Plate 2, fig. 6) is
the only species of agglutinated Foraminifera and is
exclusively recorded in one sample (W-65) at the base
of the “Schistes à poissons” of the DP-202 drill site.
Planktonic Foraminifera likeGlobigerina praebulloides
are either absent (DP-202) or badly preserved and py-
ritised (Rheinweiler). Only in the uppermost part of
the “Schistes à poissons” (Allschwil-2) they occur in
higher abundance.
Palaeoenvironment
The abrupt sedimentary and faunal change im-
plies a transition to suboxic, partially dysoxic or anoxic
bottom conditions with simultaneously rising levels
of organic matter. Truly anoxic events may be con-
cluded from the high sample fraction devoid of fossils.
A comparable zone with rare Foraminifera taxa in the
upper part of the “Schistes à poissons” as observed by
Grimm (1994; FS B) in the Mainz Basin is not devel-
oped.
A shallower and more agitated environment may
explain the higher diversity of the assemblage of the
marginal outcrop Rheinweiler (Scherler 2005)
compared to the basinal samples derived from the drill
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sites Allschwil-2 andDP-202. Similar or slightly deep-
er conditions as those assumed for the “Marnes à fo-
raminifères” are proposed by Grimm (1994) andHu-
ber (1994). No definite statement of the palaeodepth
is possible due to the general absence of depth specific
species. Occasional records of well-preserved Aub-
ignyna kiliani in each of the three localitiesmay hint at
slightly shallower environments (Spezzaferri &
Coric 2001).
Huber (1994) suggests a link between algal
blooms and a high abundance of small Cibicides.
8.4Themiddle “Série grise”: “Couches àMélettes”
(Late Rupelian)
Overview
Planktonic Foraminifera, in particular Globigeri-
na praebulloides, dominate the “Couches à Mélettes”
with planktonic/benthic-ratios generally higher than
50 %. Agglutinated Foraminifera (including miliol-
ids) are nearly absent. This may be related to an insuf-
ficient supply of coarser sediment material, as indicat-
ed by a single specimen ofKarreriella chilostoma (Plate
3, fig. 4; sample A-34, Allschwil-2) that is entirely ag-
glutinated of coccoliths. Calcareous benthic Fo-
raminifera are more common at the Allschwil-2 drill
site, but the record within the DP-202 core remains
rather scattered. The more abundant taxa include
Bulimina alsatica,Gyroidinoides girardanus, Turrilina
alsatica and Aubignyna kiliani (Text-figs. 4–7).
Palaeoenvironment
The high ratio of planktonic Foraminifera sug-
gests an open marine outer shelf or deeper water envi-
ronment. The small Globigerinids and benthic taxa
suggest rather cold water and suboxic bottom condi-
tions.
8.5The upper “Série grise”: “Marnes à Cyrènes”
(Late Rupelian)
Overview
The gradual sedimentary transition between the
“Couches à Mélettes” and “Marnes à Cyrènes” is mir-
rored by an equally progressive increase of benthic Fo-
raminifera. The most characteristic faunal elements
are represented by small miliolids, Pararotalia canui
(Plate 11, fig. 9), Buccella granulata (Plate 11, fig. 6)
and some lagenids (Lagena spp., Lenticulina aff. L.
reniformis). The small miliolids and Cancris turgidus
(Plate 9, fig. 4) are however limited to the lower part
of the “Marnes à Cyrènes”.
At the drill site DP-202 the abundance and diver-
sity steadily decreases towards the top of the unit, with
the last two samples virtually devoid of Foraminifera.
The middle “Marnes à Cyrènes” at the locality Alls-
chwil-2 (sample A-23) display the highest diversity of
12 benthic species, including taxa, which are other-
wise not present like Angulogerina spp., Lagena spp.,
Elphidiella minuta (Plate 11, fig. 10) and Pleurosto-
mella alternans (Plate 8, fig. 16) (Text-figs. 4–7).
The number of planktonic species ranges between 3
and 13, depending on the rate of reworking (see
chapter 6).
Palaeoenvironment
In the lower part of the “Marnes à Cyrènes” con-
ditions quite similar to the subsequent “Couches à
Mélettes” prevailed. Abundant Aubignyna kiliani in
addition to Pararotalia canui and Buccella granulata
indicate shallower inner shelf or coastal habitats.
At the drill siteDP-202 the decrease in Foraminif-
era taxa and the shallowing up coincide with the tran-
sition of ostracod assemblages. The middle part of the
“Marnes à Cyrènes” at Allschwil-2 reflects a short-
term recurrence to deepermarine conditions. A slight-
ly increased diversity and well-preserved specimens
suggest a return to shallowmarine conditions near the
top of the unit.
9 Palaeogeography
The presented succession of palaeogeographic
maps (Text-figs. 23–25) is based on the data published
in Berger et al. (2005b), Picot et al. (2008) as well
as field and literature data (mainly Roussé 2006). A
more complete account may be found in the cited
publications. Only the modified maps will be com-
mented on here.
Priabonian
A single shallow marine Foraminifera fauna of
Priabonian age (e.g., Turborotalia cocoaensis) was
found by Ohmert (1993) in the drilling Bremgarten
1 between Freiburg i. Br. and Basel. Whether or not
this occurrence relates to a short term Priabonian ma-
rine incursion as proposed by Sissingh (1998, 2006)
or to an enigmatic reworking event remains unre-
solved.
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Text-fig. 23: Palaeogeographic maps of the southern Upper Rhine Graben and the alpine foreland from the Lutetian to the basal
Rupelian.

ht
tp
://
do
c.
re
ro
.c
h
Text-fig. 24: Palaeogeographic maps of the southern Upper Rhine Graben and the alpine foreland from the early Rupelian to the
early Late Rupelian.
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Text-fig. 25: Palaeogeographicmaps of the southernUpper RhineGraben and the alpine foreland from the Late Rupelian to the basal
Chattian.
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Basal Rupelian
The fully marine ostracod and foraminifer assem-
blages of the lower “Zone fossilifère” at the drill site
Allschwil-2 indicate an ingression of the first Rupelian
transgression as far south as Basel during the maxi-
mum flooding. The assemblages of Allschwil-2 and
Strangenberg indicate deeper marine (outer shelf to
upper bathyal zone) conditions.
Early (”Middle”) Rupelian
The “Haustein” deposits of Allschwil-2 indicate
lacustrine deposits in the area south of Basel.
Late Rupelian (“Couches à Mélettes”, “Marnes à Cyrènes”)
During thedepositionof the“CouchesàMélettes”
a deltaic systemwas established at the southern border
of the research area andbegan to prograde northwards.
This is evidenced by abundant fluviatile deposits south
of the research area (Berger et al. 2005b, Picot et
al. 2008) and the presence of a deltaic (estuarine) facies
architecture in the basin (Roussé 2006). The source
of the corresponding drainage system was located
within the already uplifted central and southwestern
Helvetic realm.This is deduced due to the presence of
abundant reworked Eocene planktonic Foraminifera
in the Upper Rhine Graben. The main tributary may
relate to a deviated pre-“Genferseeschüttung”.
Terminal Rupelian / Early Chattian
Due to the biostratigraphic ages derived from
planktonic Foraminifera (not younger than P21a) and
otoliths (Palaeolebias symmetricus OT-02 zone) the
onset of a predominantly fluviatile sedimentation pos-
sibly already started in the terminal Rupelian. Up to
date no definite GSSP has been fixed for the Rupelian
Chattian boundary, therefore the exact position re-
mains uncertain. According to Roussé (2006) the
fluviatile facies starts with a basin-wide erosional dis-
cordance.
10 Summary
The complete Paleogene succession of the South-
ern Upper Rhine Graben by means of two core drill-
ings and several crucial outcrops has been studied.The
results permit a confirmation and more complete per-
spective of the biodiversity as well as the palaeogeo-
graphic and palaeoenvironmental evolution of the
Tertiary deposits in the area. The interpretative analy-
ses are based on a systematic, possibly complete record
of the occurring microfossil taxa. About 180 taxa of
benthic and planktonic Foraminifera are documented
from the Rupelian strata of the research area. Other
faunal elements as Charophyta, otoliths, calcareous
nannoplankton and Bolboforma complete the overall
picture. While the Eocene remains enigmatic due to
the scarcity of occurring fossil material, the two Rupe-
lian transgression-regression cycles (Earliest Rupelian
“Zone fossilifère”, Late Rupelian “Série grise”) of the
Upper Rhine Graben are well traced by the microfos-
sil assemblages.
Both transgressions start off with fully marine
outer shelf to upper bathyal Foraminifera assemblages.
In both cases the maximum flooding is achieved early
in the sequence cycle. In the second Rupelian trans-
gression the benthic and small sized planktonic Fo-
raminifera associations indicate cold to temperate wa-
ter. While generally well-oxygenated bottom waters
and sediments prevailed during the initial phase
(“Marnes à foraminifères”), they abruptly changed to
suboxic to anoxic conditions in the subsequent
“Schistes à poissons”. Nannofossils confirm fully ma-
rine conditions and suggest increased upwelling in
this unit.
The corresponding/succeding regressive phase of
the “Série grise” is characterised by a nearly complete
absence of benthic Foraminifera in the “Couches à
Mélettes”. The gradual transition to the subsequent
“Marnes à Cyrènes” is reflected by increase of diversity
and abundance of benthic Foraminifera. While the
“Marnes à Cyrènes” at the drill site Allschwil-2 show
certain marine-brackish-freshwater fluctuations in
their respective upper part, the transition from shal-
low marine to exclusively brackish conditions in the
“Marnes à Cyrènes” (uppermost “Série grise”) of the
drilling DP-202 is rather short and abrupt.
Unfortunately no good planktonic Foraminifera
index species are recorded from the research area.The
data derived from assemblage ranges is distorted by
the simultaneous occurrence of facultatively reworked
Eo-Oligocene species and requires a conservative at-
tribution to the Mid P20 to P21a plankton-zones for
the “Série grise” deposits.TheAgeNP23-24 indicated
by calcareous nannoplankton in the basal “Série grise”
corresponds to other datings from the Upper Rhine
Graben. Charophyte assemblages from the “Marnes à
Cyrènes” and the lower part of the Niederroedern
Formation suggest an attribution to the Late Rupelian
to early Chattian Chara microcera – zone. A “Middle”
Oligocene age is derived from a Bolboforma event in
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themiddle “Marnes à Cyrènes” of the Allschwil-2 drill
site. The occurrence of Palaeolebias symmetricus (OT-
02 zone) in the lithostratigraphically youngest sample
from the Niederroedern Formation of the DP-202
drilling suggests a similar Late Rupelian to earliest
Chattian age.
Abundant reworked Cretaceous (10 taxa) and
Paleocene (1 species) to Eocene (20 taxa) planktonic
Foraminifera occur in the Late Rupelian “Série grise”.
They are documented, figured and interpreted in rela-
tion to similar occurrences in the northern part of the
Upper Rhine Graben and the Mainz Basin as well as
possible source areas. The Lutetian is by far the most
frequently represented stage. Abundant reworking
starts in the Late Rupelian lower “Couches àMélettes”
and reaches its maximum in the increasingly clastic
“Marnes à Cyrènes”. Only rare occurrences are docu-
mented from the subsequent fluvio-lacustrine Nieder-
roedern Formation.
Due to the absence of time-equivalent marine
Eocene deposits in the Upper Rhine Graben itself the
planktonic Foraminifera are supposed to be reworked
and derived from the alpine domain.This supports the
proposition of a vast northwards prograding delta-
system that was located close to the southern margin
of the research area (Roussé 2006). The presence of
the reworked planktonic Foraminifera confirms a con-
siderable uplift of Cretaceous and Eocene sediments
within the central and / or southwestern Swiss Alpine
realm already by the Late Rupelian. Furthermore sedi-
mentary overfill of the western Swiss Molasse Basin
must have already begun, leading to the northward de-
viation of the axial drainage system of the Swiss Mo-
lasse Basin (“pre-Genferseeschüttung”).
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13 Appendix: Foraminifera species list
Acarinina bullbrooki (Bolli 1957)
* 1957 Globorotalia bullbrooki – Bolli: 167; pl. 38, fig. 5a–c.
Plate 13, fig. 4a–c
Acarinina collactea (Finlay 1939)
* 1939 Globorotalia collactea – Finlay: 327; pl. 29, figs. 164, 165.
Plate 13, fig. 5a–c
Acarinina decepta (Martin 1943)
* 1943 Globigerina decepta –Martin: 114; pl. 7, fig. 2a–c.
Plate 13, fig. 6a–c
Acarinina matthewsae (Blow 1979)
* 1979 Globorotalia (Acarinina)matthewsae – Blow: 935–937; pl. 170, figs. 1–9; pl. 179, figs.
1, 2; pl. 187, fig. 5; pl. 203, figs. 3, 4; pl. 204, figs. 1–5; pl. 205, figs. 1–6.
Plate 13, fig. 7a–c
Acarinina medizzai (Toumarkine & Bolli 1975)
* 1975 Globigerina medizzai – Toumarkine & Bolli: 77; pl. 5, figs. 8–22; pl. 6, figs. 1–8.
Plate 13, fig. 8a–c
Acarinina pentacamerata (Subbotina 1947)
* 1947 Globorotalia pentacamerata – Subbotina: 128–129; pl. 7, figs. 12–17; pl. 9, figs. 24–26.
Plate 14, fig. 1a–c
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Acarinina primitiva (Finlay 1947)
* 1947 Globoquadrina primitiva – Finlay: 291; pl. 8, figs. 129–134.
Plate 14, fig. 2a–c
Acarinina pseudotopilensis (Subbotina 1953)
* 1953 Truncorotaloides pseudotopilensis – Subbotina: 227; pl. 21, figs. 8a–c, 9a–c; pl. 22,
figs. 1a–c, 2a–c, 3a–c.
Plate 14, fig. 3a, b
Acarinina rugosoaculeata (Subbotina 1953)
* 1953 Acarinina rugosoaculeata – Subbotina: 235; pl. 25, figs. 4a–c, 5a–c, 6a–c.
Plate 14, fig. 4a–c
Almaena osnabrugensis (Roemer 1838)
* 1838 Planulina Osnabrugensis v.M. – Roemer: 390; pl. 3, fig. 58.
Plate 10, fig. 8a, b
Ammobaculites agglutinans (d´Orbigny 1846)
* 1846 Spirolina agglutinans – d´Orbigny: 137; pl. 7, figs. 10–12.
Plate 1, figs. 13a, b, 14
Ammobaculites? sp. Plate 1, fig. 15a, b
Ammodiscus incertus (d´Orbigny 1839)
* 1839 Operculina incerta, d´Orb. – d´Orbigny: 49; pl. 6, figs. 16, 17.
Plate 1, fig. 6a, b
Angulogerina cf. angulosa (Williamson 1858)
1998 Angulogerina cf. angulosa (Williamson) – Cicha et al.: 80; pl. 54, figs. 3, 4.
Plate 8, figs. 10a, b, 11a, b
Angulogerina globosa (Stoltz 1925)
* 1925 Uvigerina tenuistriata d´Orb. var. globosa nov. var. – Stoltz: 130, fig. 2.
Plate 8, fig. 12a, b
Angulogerina muralis (Terquem 1882)
* 1882 Uvigerina muralis – Terquem: 119; pl. 20, figs. 26–29.
Plate 8, fig. 13a, b
Angulogerina oligocaenica (Andreae 1894)
* 1894 Uvigerina oligocaenica – Andreae: 50; text-fig. 1.
Plate 8, fig. 14a, b
Aubignyna kiliani (Andreae 1884)
* 1884 Pulvinulina Kiliani n. sp. – Andreae: 255; pl. 11, fig. 1a–c.
Plate 11, fig. 5a–c
Bathysiphon taurinensis Sacco, 1893
* 1893 Bathysiphon taurinensis – Sacco: 168, fig. 2.
Plate 1, fig. 1a, b
Bigenerina nodosaria acutaKlaehn, 1917
* 1917 Bigenerina nodosaria var. acuta – Klähn: 32; pl. 9, figs. 2a–c, 3.
Plate 3, fig. 11a, b
Bolivina beyrichi Reuss, 1851
* 1851 Bolivina beyrichi – Reuss: 83; pl. 6, fig. 51.
Plate 7, figs. 3a, b, 4a, b
Bolivina crenulata Cushman, 1936
* 1936 Bolivina crenulata – Cushman: 50; pl. 7, fig. 13.
Plate 7, figs. 5, 6a, b
Bolivina elongataHantken, 1875
* 1875 Bolivina elongata –Hantken: 65; pl. 7, fig. 14.
Plate 7, fig. 8a, b
Bolivina meletticaAndreae, 1884
* 1884 Bolivina melettica n. sp. – Andreae: 165; pl. 11, fig. 5.
Plate 7, fig. 9a, b
Bolivina semistriata nobilisHantken, 1875
* 1868 Bolivina nobilis –Hantken: 56; pl. 15, fig. 4.
Plate 7, fig. 10a, b
Buccella granulata (Lautenschlaeger, 1953)
* 1953 Eponides granulatus – Lautenschläger: 119; pl. 17, figs. 5a–c, 6a–c [in Myatlyuk].
Plate 11, fig. 6a–c
Bulimina alsaticaCushman& Parker, 1937
* 1937 Bulimina alsatica – Cushman& Parker: 39; pl. 4, figs. 6, 7.
Plate 7, figs. 14a, b, 15a, b
Bulimina sculptilis Cushman, 1923
* 1923 Bulimina sculptilis – Cushman: 23; pl. 3, fig. 3.
Plate 7, figs. 16a, b, 17
Cancris turgidusCushman&Todd, 1942
* 1942 Cancris turgidus – Cushman&Todd: 92; pl. 24, fig. 3a–c, 4a–c.
Plate 9, fig. 4a–c
Catapsydrax echinatus Bolli, 1957
* 1957 Catapsydrax echinatus – Bolli: 165; pl. 37, figs. 2a–c, 3a–c, 4, 5a, b.
Plate 18, figs. 1a–c, 2a–c
Catapsydrax martini (Blow& Banner 1962)
* 1962 Globigerinita martini martini – Blow& Banner: 110–111; pl. 14, fig. O.
Plate 18, fig. 3a–c
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Catapsydrax unicavus Bolli, Loeblich&Tappan, 1957
* 1957 Catapsydrax unicavus – Bolli et al.: 37; pl. 7, fig. 9.
Plate 18, fig. 4a–c
Chiloguembelina cubensis (Palmer 1934)
* 1934 Guembelina cubensis – Palmer: 74, figs. 1–6.
Plate 15, figs. 7a, b, 8
Chiloguembelina midwayensis (Cushman 1940)
* 1940 Guembelina midwayensis – Cushman: 65; pl. 11, fig. 15.
Plate 15, fig. 5
Chiloguembelina wilcoxensis (Cushman& Ponton 1932)
* 1932 Guembelina wilcoxensis – Cushman& Ponton: 66; pl. 8, figs. 16, 17a, b.
Plate 15, fig. 6a, b
Cibicides amphisyliensis (Andreae 1884)
* 1884 Truncatulina amphysiliensis – Andreae: 255; pl. 10, fig. 30a–c.
Plate 10, fig. 2a, b
Cibicidoides lucidus (Reuss 1866)
* 1866 Truncatulina lucida – Reuss: 160; pl. 4, fig. 15a–c.
Plate 9, fig. 9a–c
Cibicidoides oligocenicus (Samoylova 1946)
* 1946 Cibicides dutemplei var. oligocenica – Samoylova: 96, figs. 34–36.
Plate 9, fig. 10a–c
Cibicidoides roemeri (Reuss 1856)
* 1856 Rotalia roemeri – Reuss: 240; pl. 4, fig. 52a–c.
Plate 9, fig. 11a–c
Cibicidoides? weinkauffi (Reuss 1863)
* 1863 Rosalina weinkauffi – Reuss: 68; pl. 8, fig. 97a–c,
Plate 10, fig. 1a–c
Colomia sp. Plate 8, fig. 15a, b
Contusotruncana fornicata (Plummer 1931)
* 1931 Globotruncana fornicata – Plummer: 130; pl. 13, figs. 4–6.
Plate 13, fig. 1a–c
Cycloforina gracilis (Karrer 1867)
* 1867 Quinqueloculina gracilis – Karrer: 361; pl. 3, fig. 2a–c.
Plate 4, fig. 4a–c
Cycloforina hauerina d´Orbigny, 1846
* 1846 Quinqueloculina hauerina – d´Orbigny: 286; pl. 13, figs. 15–16.
Plate 4, fig. 5a–c
Cycloforina ludwigi (Reuss 1866)
* 1866 Quinqueloculina ludwigi – Reuss: 126; pl. 1, fig. 12.
Plate 4, fig. 6a, b
Dentoglobigerina cf. galavisi (Bermúdez 1961)
1987 Dentoglobigerina cf.D. galavisi (Bermúdez) – Reiser: 110–111; pl. 16, figs. 1–2, 5.
Plate 18, fig. 7a–c
Discorbinoides sp. Plate 9, fig. 7a–c
Eggerella? irregularis (Hantken 1875)
* 1875 Gaudryina irregularis –Hantken: 12; pl. 1, fig. 7.
Plate 3, fig. 3a, b
Elphidiella minuta (Reuss 1865)
* 1865 Polystomella minuta – Reuss: 44; pl. 4, fig. 6.
Plate 11, fig. 10a, b
Favulina hexagona (Williamson 1848)
* 1848 Entosolenia squamosa (Montagu) var. γ, hexagona –Williamson: 20; pl. 2, fig. 23.
Plate 6, fig. 15a, b
Fissurina orbignyana orbignyana (Seguenza 1862)
* 1862 Fissurina (Fissurine) orbignyana – Seguenza: 66; pl. 2, figs. 25, 26.
Plate 6, fig. 16a, b
Fissurina orbignyana striata Friese, 1951
* 1951 Lagena orbignyana (Seguenza) subsp. striata – Friese: 27; pl. 11, fig. 35.
Plate 7, fig. 1a, b
Flintina cf. variolariaCuvillier & Szakall, 1949
* 1949 Flintina variolaria – Cuvillier & Szakall: 44; pl. 18, fig. 22.
Plate 4, fig. 10a, b
Frondicularia cf. oblonga Roemer, 1838
* 1838 Frondicularia oblonga – Roemer: 382; pl. 3, figs. 4a, b, 6a–c.
Plate 5, fig. 12
Gaudryinopsis austriacus Rögl, 1998
* 1998 Gaudryinopsis austriacus Rögl nov. spec. – Cicha et al.: 69–71, figs. 50, 51; pl. 7, figs.
6–8.
Plate 3, fig. 2a, b
Glabratella? sp. Plate 9, fig. 8a–c
Globigerina ciperoensis Bolli, 1954
* 1954 Globigerina ciperoensis – Bolli: 1; pl. 2, figs. 2–5.
Plate 16, fig. 1a–c
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Globigerina praebulloides Blow, 1959
* 1959 Globigerina praebulloides – Blow: 180; pl. 8, fig. 47a–c; pl. 9, fig. 48.
Plate 16, fig. 2a–c, 3a, b
“Globigerina” venezuelanaHedberg, 1937
* 1937 Globigerina venezuelana –Hedberg: 681; pl. 92, fig. 7a, b.
Plate 16, fig. 4a–c
Globigerinatheka micra (Shutskaya 1958) Plate 15, fig. 3a–c
* 1958 Globigerinoides subconglobatus Shutskaya var.micra – Shutskaya: 87; pl. 1, figs. 1–3.
Globigerinatheka semiinvoluta (Keijzer 1945)
* 1945 Globigerinoides semiinvolutus – Keijzer: 206; pl. 4, fig. 58a–e.
Plate 15, fig. 4a–c
Globigerinella obesa (Bolli 1957)
* 1957 Globorotalia obesa – Bolli: 119; pl. 29, fig. 2a–c.
Plate 17, fig. 4a–c
Globocassidulina subglobosa (Brady 1881)
* 1881 Cassidulina subglobosa – Brady: 60.
Plate 7, fig. 11a, b
Globorotaloides cf. carcoselleensis Toumarkine & Bolli, 1975
* 1975 Globorotaloides carcoselleensis – Toumarkine & Bolli: 81; pl. 5, figs. 23–28.
Plate 18, fig. 5a–c
Globorotaloides variabilis Bolli, 1957
* 1957 Globorotaloides variabilis – Bolli: 117, pl. 27, figs. 15a, b, 16a, b, 17a, b, 18a, b, 19a–c,
20a–c.
Plate 18, fig. 6a–c
Globotruncana arca? (Cushman 1926)
* 1926 Pulvinulina arca – Cushman: 23; pl. 3, fig. 1a–c.
Plate 12, fig. 6a–c
Globotruncana linneiana (d´Orbigny 1839)
* 1839 Rosalina linneiana – d´Orbigny: 101; pl. 15, figs. 10–12.
Plate 12, fig. 5a–c
Globotruncanella? sp. Plate 12, fig. 7a–c
Globulina gibba d´Orbigny, 1846
* 1846 Globulina gibba – d´Orbigny: 227; pl. 13, figs. 13, 14.
Plate 6, fig. 13a, b
Guembelitria sp. Plate 12, fig. 3
Guttulina communis d´Orbigny, 1826
* 1826 Polymorphina (Guttuline) communis – d´Orbigny: 266, pl. 12, figs. 1–4.
Plate 6, fig. 14a, b
Gyroidina brockerti Reiser, 1987
* 1987 Gyroidina brockerti n. sp. – Reiser: 102; pl. 12, figs. 14, 15; pl. 13, fig. 1.
Plate 11, fig. 1a–c
Gyroidinoides girardanus (Reuss 1851)
* 1851 Rotalina girardana – Reuss: 73; pl. 5, fig. 34a–c.
Plate 11, fig. 2a–c
Gyroidinoides mamillatus (Andreae 1884)
* 1884 Rotalia girardana Rss var.mamillata n. v. – Andreae: 142; pl. 9, fig. 4.
Plate 11, fig. 3a–c
Hansenisca soldanii (d´Orbigny 1826)
* 1846 Rotalina Soldanii d´Orbigny – d´Orbigny: 155; pl. 8, figs. 10–12.
Plate 11, fig. 4a–c
Heterohelix globulosa (Ehrenberg 1840)
* 1840 Textularia globulosa – Ehrenberg: 135; pl. 4, figs. 2β, 4β, 5β, 7β, 8β; [vol. 1838].
Plate 12, fig. 1a, b
Heterohelix striata (Ehrenberg 1840)
* 1840 Textularia striata – Ehrenberg: 135; pl. 4, fig. 1α–α´, 2α, 3α, 9α; [vol. 1838].
Plate 12, fig. 2a, b
Heterolepa dutemplei (d´Orbigny 1846)
* 1846 Rotalina dutemplei – d´Orbigny: 157, 158; pl. 8, fig. 19–21.
Plate 10, fig. 10a–c
Hyalinonetrion gracillimum (Seguenza 1862)
* 1862 Amphora Gracillima – Seguenza: 51; pl. 1, fig. 37.
Plate 6, fig. 12
Hyperammina sp. Plate 1, fig. 2a, b
Karreriella chilostoma (Reuss 1852)
* 1852 Textularia chilostoma – Reuss: 18, figs. a, b.
Plate 3, figs. 4a–c, 5a–c
Karreriella siphonella (Reuss 1851)
* 1851 Gaudryina siphonella – Reuss: 78; pl. 5, figs. 40–42.
Plate 3, figs. 6a, b, 7
Karreriella siphonella exilisHagn, 1952
* 1952 Karreriella siphonella (Reuss) var. exilis –Hagn: 139; pl. 1, fig. 7; pl. 2, fig. 9.
Plate 3, figs. 8–10
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Laevidentalina communis (d´Orbigny 1846)
* 1846 Dentalina communis – d´Orbigny: 45, pl. 1, figs. 52–56.
Plate 5, fig. 3a–c
Laevidentalina elegans (d´Orbigny 1846)
* 1846 Dentalina elegans – d´Orbigny: 45, pl. 1, figs. 52–56.
Plate 5, fig. 4
Lagena amphora Reuss, 1863
* 1863 Lagena amphora – Reuss: 330; pl. 4, fig. 57.
Plate 6, fig. 7a, b
Lagena gracilicosta Reuss, 1863
* 1863 Lagena gracilicosta – Reuss: 327; pl. 3, figs. 42, 43.
Plate 6, fig. 8a, b
Lagena isabella isabella (d´Orbigny 1838)
* 1838 Oolina isabella – d´Orbigny: 20; pl. 5, figs. 7, 8.
Plate 6, fig. 9a, b
Lagena isabella conscriptaCushman& Barksdale, 1930
* 1930 Lagena isabella conscripta – Cushman& Barksdale: 66; pl. 12, fig. 4.
Plate 6, fig. 10a, b
Lagena sulcata (Walter & Jacob 1798)
* 1798 Serpula (Lagena) sulcataW.& J. –Walter & Jacob: 634; pl. 14, fig. 5.
Plate 6, fig. 11a, b
Lagenammina sp. Plate 1, fig. 4a, b
Lenticulina insignis (Reuss 1865)
* 1865 Cristellaria (Robulina) insignis – Reuss: 466; pl. 5, fig. 4.
Plate 5, fig. 13a–c
Lenticulina reniformis (d´Orbigny 1846)
* 1846 Cristellaria reniformis – d´Orbigny: 88; pl.3, figs. 39, 40.
Plate 5, fig. 14a–d
Lenticulina sp. juv. Plate 5, fig. 15a–c
Macroglobigerinelloides ultramicrus (Subbotina 1949)
* 1949 Globigerinella ultramicra – Subbotina: 33; pl. 2, figs. 17, 18.
Plate 13, fig. 3a–c
Marginotruncana pseudolinneiana Pessagno, 1967
* 1967 Marginotruncana pseudolinneiana – Pessagno: 310; pl. 65, figs. 24–27, pl. 76, figs. 1–3.
Plate 12, figs. 8a–c, 9a, b
Marginulina hirsuta d´Orbigny, 1826
* 1826 Marginulina hirsuta – d´Orbigny: 259, no 9.
Plate 5, fig. 16a, b
Marginulinopsis cf. jugleri (Reuss 1851)
* 1851 Cristellaria jugleri – Reuss: 89, pl. 4, fig. 19a, b.
Plate 5, fig. 17a–c
Melonis affinis (Reuss 1851)
* 1851 Nonionina affinis – Reuss: 72; pl. 5, fig. 32.
Plate 10, fig. 5a–c
Morozovella lehneri (Cushman& Jarvis 1929)
* 1929 Globorotalia lehneri – Cushman& Jarvis: 17; pl. 3, fig. 16a–c.
Plate 14, fig. 8a–c
Morozovella subbotinae (Morozova 1939)
* 1939 Globorotalia subbotinae –Morozova: 80 [Russian]; pl. 2, figs. 16, 17.
Plate 15, fig. 1a–c, 2a–c
Muricohedbergella delrioensis (Carsey 1926)
* 1926 Globigerina cretacea d´Orbigny var. delrioensis – Carsey: 43.
Plate 12, fig. 4a–c
Nodosaria sp. Plate 5, fig. 6a, b
Nodosaria capitata striatissimaAndreae, 1884
* 1884 Nodosaria capitata Boll. var. striatissima n. v. – Andreae: 112; pl. 10, figs. 4, 5.
Plate 5, fig. 5
Nodosaria soluta Reuss, 1855
* 1851 Nodosaria soluta – Reuss: 322; pl. 12, fig. 12.
Plate 5, figs. 7, 8
Paragloborotalia nana (Bolli 1957)
* 1957 Globorotalia opima nana – Bolli: 118; pl. 28, fig. 3.
Plate 17, fig. 7a–c
Pararotalia canui (Cushman 1928)
* 1856 Rotalia stellata – Reuss: 242; pl. 5, fig. 54.
1928 Rotalia canui nom. nov. – Cushman: 55; pl. 3, fig. 2.
Plate 11, fig. 9a–c
Peneroplis? sp. Plate 5, fig. 2
Planorbulina difformis Roemer, 1838
* 1838 Planorbulina difformis – Roemer: 390; pl. 3, fig. 59a-c.
Plate 10, fig. 3a, b
Planularia costata (Reuss 1866)
* 1866 Cristellaria (Robulina) depauperata Reuss var. costata – Reuss: 147; pl. 3, fig. 19a, b;
pl. 4, fig. 5a, b, 6.
Plate 6, figs. 1a–c, 2a–c

ht
tp
://
do
c.
re
ro
.c
h
Pleurostomella alternans Schwager, 1866
* 1866 Pleurostomella alternans – Schwager: 238; pl. 6, figs. 79, 80.
Plate 8, fig. 16a, b
Porosononion sp. Plate 10, fig. 4a–c
Praeglobobulimina coprolithoides (Andreae 1884)
* 1884 Bulimina coprolithoides – Andreae: 213; pl. 6, fig. 4a–d.
Plate 7, fig. 13a, b
Praeglobotruncana delrioensis (Plummer 1931)
* 1931 Globorotalia delrioensis – Plummer: 199, 200; pl. 13, fig. 2a–c.
Plate 12, fig. 10a–c
Pseudohastigerina barbadoensis Blow, 1969
* 1969 Pseudohastigerina barbadoensis – Blow: 409, 410; pl. 53, figs. 7–9; pl. 54, figs. 1–3, 7.
Plate 17, fig. 5a, b
Pseudohastigerina micra (Cole 1927)
* 1927 Nonion micrus – Cole: 22, pl. 5, fig. 12.
Plate 17, fig. 6a, b
Pullenia bulloides (d´Orbigny 1846)
* 1846 Nonionina bulloides d´Orbigny – d´Orbigny: 107; pl. 5, figs. 9, 10.
Plate 10, fig. 6a, b
Pullenia quinqueloba (Reuss 1851)
* 1851 Nonionides quinqueloba – Reuss: 71; pl. 5, fig. 31.
Plate 10, fig. 7a, b
Pygmaeoseistron globosum (Montagu 1803)
* 1803 Vermiculum globosum –Montagu: 523; [pl. 1, fig. 8, fromWalker & Boys 1784].
Plate 6, fig. 3a, b
Pygmaeoseistron hispidum (Reuss 1863)
* 1862 Lagena hispida – Reuss: 335; pl. 6, fig. 77.
Plate 6, fig. 4a, b
Pygmaeoseistron rudis (Reuss 1863)
* 1863 Lagena rudis – Reuss: 336; pl. 6, fig. 82.
Plate 6, fig. 5a, b
Pygmaeoseistron vulgaris apiculatum (Reuss 1870)
* 1870 Lagena vulgarisWilliamson var. apiculata – Reuss: 466; [pl. 2, figs. 4, 5,
from von Schlicht 1870].
Plate 6, fig. 6a, b
Pyramidulina bactridium (Reuss 1866)
* 1866 Nodosaria (Nodosaria) bactridium – Reuss: 130; pl. 1, figs. 24, 25.
Plate 5, fig. 9
Pyramidulina herrmanni (Andreae 1884)
* 1884 Nodosaria Herrmanni n. sp. – Andreae: ?; pl. 10, fig. 2.
Plate 5, fig. 10a, b
Pyramidulina ludwigi (Reuss 1866)
* 1866 Nodosaria (Dentalina) ludwigi – Reuss: 135; pl. 2, fig. 23.
Plate 5, fig. 11a, b
Pyrgoella globiformis (Karrer 1867)
* 1867 Biloculina globiformis – Karrer: 357; pl. 2, fig. 1a–c.
Plate 4, fig. 11a, b
Quinqueloculina buchiana d´Orbigny, 1846
* 1846 Quinqueloculina buchiana – d´Orbigny: 289; pl. 18, figs. 13–15.
Plate 4, fig. 7a–c
Quinqueloculina gregariaAndreae, 1884
* 1884 Quinqueloculina gregaria – Andreae: 278; pl. 12, fig. 10a–c, 11, 12.
Plate 4, fig. 8a, b
Quinqueloculina sp. Plate 4, fig. 9a–c
Reophax scorpiurusDenys deMontfort, 1808
* 1808 Reophax scorpiurus – Denys deMontfort: 331; text-fig. p. 330.
Plate 1, fig. 9
Reophax subfusiformis Earland, 1933
* 1933 Reophax subfusiformis – Earland: 74; pl. 2, figs. 16–19.
Plate 1, fig. 10a, b
Repmanina charoides ( Jones & Parker 1860)
* 1860 Trochammina squamata var. charoides – Jones & Parker: 304.
Plate 1, figs. 7a, b, 8a, b
Reticulophragmium acutidorsatum (Hantken 1868)
* 1868 Haplophragmium acutidorsatum –Hantken: 82; pl. 1, fig. 1.
Plate 2, figs. 4a, b, 5
Reticulophragmium? acutidorsatum exigua (Schrodt 1893)
* 1893 Cyclammina acutidorsata (Hantken) var. exigua – Schrodt: 735, text-fig.
Plate 2, fig. 6a, b
Reticulophragmium rotundidorsatum (Hantken 1875)
* 1875 Haplophragmium rotundidorsatum –Hantken: 10; pl. 1, fig. 2.
Plate 2, figs. 7a, b, 8
Rhizammina? sp. Plate 1, fig. 3
Rotalipora brotzeni (Sigal 1948)
* 1948 Thalmaniella brotzeni – Sigal: 102; pl. 1, fig. 5a–c; pl. 2, figs. 6a, b, 7.
Plate 13, fig. 2a-c
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Sabellovoluta humboldti (Reuss 1851)
* 1851 Spirolina Humboldti – Reuss: 65; pl. 3, fig. 17, 18.
Plate 2, figs. 1a, b, 2a–c, 3
Saccammina sphaerica Sars, 1872
* 1872 Saccammina sphaerica – Sars: 250; figure in Carpenter (1875), p. 532, fig. 272a–c.
Plate 1, fig. 5a, b
Sigmoilinita tenuis (Czjzek 1848)
* 1848 Quinqueloculina tenuis – Czjzek: 149; pl. 13, fig. 31–34.
Plate 5, fig. 1a–c
Siphonodosaria adolphina (d´Orbigny 1846)
* 1846 Dentalina adolphina – d´Orbigny: 50; pl. 2, fig. 18–20.
Plate 9, fig. 3
Siphonodosaria emaciata (Reuss 1851)
* 1851 Dentalina emaciata – Reuss: 63; pl. 3, fig. 9.
Plate 9, fig. 1
Siphonodosaria ewaldi (Reuss 1851)
* 1851 Nodosaria ewaldi – Reuss: 58; pl. 3, fig. 2a, b.
Plate 9, fig. 2
“Siphopyrulina” fusiformis (Roemer 1838)
* 1838 Polymorphina (Globulinen) fusiformis – Roemer: 386; pl. 3, fig. 37a, b.
Plate 7, fig. 2
Sphaeroidina variabilis Reuss, 1851
* 1851 Sphaeroidina variabilis – Reuss: 88; pl. 7, figs. 61a–c, 62, 63a, b, 64a, b.
Plate 9, figs. 5a; b, 6a; b
Spiroloculina canaliculata d´Orbigny, 1846
* 1846 Spiroloculina canaliculata – d´Orbigny: 269; pl. 16, figs. 10–12.
Plate 4, fig. 2a–c
Spiroloculina cf. excavata d´Orbigny, 1846
* 1846 Spiroloculina excavata – d´Orbigny: 271; pl. 16, figs. 19–21.
Plate 4, fig. 3
Spiroplectammina aff. laevis cretosaCushman, 1932
* 1932 Spiroplectammina laevis (Roemer) var. cretosa – Cushman: 87; pl. 11, fig. 3a, b.
Plate 4, fig. 1a–c
Spiroplectinella carinata (d´Orbigny,1846)
* 1846 Textularia carinata – d´Orbigny: 247; pl. 14, figs. 32–34.
Plate 2, figs. 9a–c, 10a; b,
11
Spiroplectinella deperdita (d´Orbigny 1846)
* 1846 Textularia deperdita – d´Orbigny: 244; pl. 14, figS. 23–25.
Plate 2, fig. 12a; b
Subbotina angiporoides (Hornibrook 1965)
* 1965 Globigerina angiporoides –Hornibrook: 835–838, figS. 1a–i, 2.
Plate 16, fig. 7a–c
Subbotina eocaena (Guembel 1868)
* 1868 Globigerina eocaena – Guembel: 662; pl. 2, fig. 109a; b.
Plate 16, fig. 8a–c
Subbotina gortanii (Borsetti 1959)
* 1959 Catapsydrax gortanii – Borsetti: 205-207; pl. 1, fig. 1a–d.
Plate 17, fig. 1a–c
Subbotina utilisindex ( Jenkins &Orr 1972)
* 1972 Globigerina utilisindex – Jenkins &Orr: 133–135; pl. 1, figS. 1–6, pl. 2, figs. 1–9; pl. 3,
figs. 1–3.
Plate 17, figs. 2a–c, 3a–c
Subreophax elongatus (Grzybowski 1898)
* 1898 Reophax elongata – Grzybowski: 279; pl. 10, figs. 19, 20.
Plate 1, figs. 11a, b, 12
Svratkina perlata (Andreae 1884)
* 1884 Pulvinulina perlata – Andreae: 124; pl. 8, fig. 12a–c.
Plate 10, fig. 9a–c
Tenuitella munda ( Jenkins 1966)
* 1966 Globorotalia munda – Jenkins: 1121, 1122, fig. 14 [no. 126–133], fig. 15 [no. 152–166].
Plate 15, fig. 9a–c
Tenuitella gemma ( Jenkins 1966)
* 1966 Tenuitella gemma – Jenkins: 1115, 1116, 1118; fig. 11.97–103.
Plate 15, fig. 10a–c
Siphotextularia labiata (Reuss1861)
* 1861 Textilaria labiata – Reuss: 362; pl. 2, fig. 17a–c (fide Ellis &Messina online).
Plate 3, figs. 12a–c, 13, 14
Triloculina gibba d´Orbigny, 1846
* 1846 Triloculina gibba – d´Orbigny: 274; pl. 16, figs. 22–24.
Plate 4, fig. 12a–c
Trochammina sp. Plate 2, fig. 13a–c
Trochammina cf. quadriloba (Grzybowski 1896)
* 1896 Haplophragmium (Reussina) quadrilobum – Grzybowski: 278; pl. 8, fig. 31.
Plate 3, fig. 1a, b
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Turborotalia cocoaensis (Cushman 1928)
* 1928 Globorotalia cocoaensis – Cushman: 75; pl. 10, fig. 3a–c.
Plate 14, fig. 5a–c
Turborotalia frontosa (Subbotina 1953)
* 1953 Globorotalia frontosa – Subbotina: 84; pl. 12, figs. 3a–c, 4a–c, 5a–c, 6a–c, 7a–c.
Plate 14, fig. 6a–c
Turborotalia possagnoensis (Toumarkine & Bolli 1970)
* 1970 Globorotalia cerroazulensis (Cole) subsp. possagnoensis – Toumarkine & Bolli: 139,
text-fig. 2a–c; pl. 1, figs. 4–9.
Plate 14, fig. 7a–c
Turrilina alsaticaAndreae, 1884
* 1884 Turrilina alsatica n. sp. typ. – Andreae: pl. 8, figs. 18a–c, 19.
Plate 7, fig. 12a; b
Uvigerina gracilis germanicaCushman& Edwards, 1938
* 1938 Angulogerina germanica – Cushman& Edwards: 85; pl. 15, figs. 14–16.
Plate 8, figs. 1a; b, 2a; b,
3a; b
Uvigerina cf.multistriataHantken, 1871
* 1871 Uvigerina multistriata –Hantken: 129; pl. 2, fig. 14.
Plate 8, fig. 4a; b
Uvigerina rudlingensis Papp, 1975
* 1975 Uvigerina rudlingensis – Papp: 238; pl. 1, figs. 1–4.
Plate 8, fig. 6a; b
Uvigerina rugosa d´Orbigny, 1852
* 1852 Uvigerina rugosa – d´Orbigny: 194.
Plate 8, fig. 7a; b
Uvigerina tenuistriata Reuss, 1870
* 1870 Uvigerina tenuistriata – Reuss: 485; [figs. 34–37, pl. 22, von Schlicht (1870)].
Plate 8, fig. 8a; b
Uvigerina vicksburgensisCushman& Ellisor, 1931
* 1931 Uvigerina vicksburgensis – Cushman& Ellisor: 54; pl. 7, fig. 7a, b.
Plate 8, fig. 9a; b
“Zeaglobigerina” ampliapertura (Bolli 1957)
* 1957 Globigerina ampliapertura – Bolli: 108; pl. 22, figs. 4a–c, 5a–c, 6a, b, 7a, b.
Plate 16, fig. 5a–c
Zeaglobigerina sp. 1
1994 Zeaglobigerina sp. 1 – Spezzaferri: 33; pl. 7, fig. 1a–c; pl. 8, fig. 3a–c.
Plate 16, fig. 6a–c
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Plate 1
Bathysiphon taurinensis Sacco
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 500μm), C39165
Fig. 1a lateral view
Fig. 1b apertural view
Hyperammina sp.
sample A-71, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39322
Fig. 2a lateral view
Fig. 2b apertural view
Rhizammina? sp.
sampleW-70, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39184
Fig. 3 lateral view
Lagenammina sp.
sampleW-24, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39297
Fig. 4a, b lateral views
Saccammina sphaerica Brady
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39167
Fig. 5a apertural view
Fig. 5b lateral view
Ammodiscus incertus (d´Orbigny)
sample Eguisheim-3, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39288
Fig. 6a peripheral view
Fig. 6b spiral view
Repmanina charoides ( Jones & Parker)
sampleW-23, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39296
Fig. 7a peripheral view
Fig. 7b spiral view
sampleW-68, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39130
Fig. 8a peripheral view
Fig. 8b spiral view
Reophax scorpiurusDenys deMontfort
sampleW-68, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39104
Fig. 9 lateral view
Reophax subfusiformis Earland
sampleW-73, “Marnes à foraminifères”, early Late Rupelian (scale 300 μm), C39302
Fig. 10a lateral view
Fig. 10b apertural view
Subreophax elongatus (Grzybowski)
sample A-66, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39309
Fig. 11a, b lateral views
sampleW-70, “Marnes à foraminifères”, early Late Rupelian
Fig. 12 thin section (approx. to scale)
Ammobaculites agglutinans (d´Orbigny)
sampleW-71, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39174
Fig. 13a, b lateral views
sampleW-70, “Marnes à foraminifères”, early Late Rupelian, C39349
Fig. 14 thin section (approx. to scale)
Ammobaculites? sp.
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39200
Fig. 15a, b lateral views
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Plate 2
Sabellovoluta humboldti (Reuss)
standard form, sample A-71, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39323
Fig. 1a lateral view
Fig. 1b apertural view
triangular final chambers, sampleW-72, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39300
Fig. 2a apertural view
Fig. 2b, c lateral views
sampleW-75, “Marnes à foraminifères”, early Late Rupelian, C39350
Fig. 3 thin section (approx. to scale)
Reticulophragmium acutidorsatum (Hantken)
sample A-74a, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39330
Fig. 4a peripheral view
Fig. 4b lateral view
sampleW-76, “Marnes à foraminifères”, early Late Rupelian, C39351
Fig. 5 thin section (approx. to scale)
Reticulophragmium? acutidorsatum exigua (Schrodt)
sampleW-67, “Marnes à foraminifères” – “Schistes à poissons” – transition, early Late Rupelian (scale 200 μm), C39278
Fig. 6a lateral view
Fig. 6b peripheral view
Reticulophragmium rotundidorsatum (Hantken)
sample Eguisheim-3, “Marnes à foraminifères”, early Late Rupelian (scale 300 μm), C39287
Fig. 7a peripheral view
Fig. 7b lateral view
sampleW-73, “Marnes à foraminifères”, early Late Rupelian, C39352
Fig. 8 thin section (approx. to scale)
Spiroplectinella carinata d´Orbigny
microspheric form, sample DP-202W-77, “Marnes à foraminifères”, early Late Rupelian (scale 300 μm), C39176
Fig. 9a peripheral view
Fig. 9b lateral view
Fig. 9c apertural view
microspheric form, sample A-67, “Marnes à foraminifères”, early Late Rupelian, C39353
Fig. 11 thin section (approx. to scale)
macrospheric form, sampleW-76, “Marnes à foraminifères”, early Late Rupelian (scale 300 μm), C39177
Fig. 10a peripheral view
Fig. 10b lateral view
Spiroplectinella deperdita (d´Orbigny)
sample Eguisheim-3, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39285
Fig. 12a lateral view
Fig. 12b peripheral view
Trochammina sp.
trochospiral form, sampleW-68, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39285
Fig. 13a spiral view
Fig. 13b lateral view
Fig. 13c umbilical view
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Plate 3
Trochammina cf. quadriloba (Grzybowski)
sampleW-68, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39106
Fig. 1a spiral view
Fig. 1b peripheral view
Gaudrynopsis austriacus (Rögl)
sampleW-67, “Marnes à foraminifères” – “Schistes à poissons” – transition, early Late Rupelian (scale 300 μm), C39280
Fig. 2a, b lateral views
Eggerella irregularis (Hantken)
sample A-66, “Marnes à foraminifères”, early Late Rupelian (scale 250 μm), C39308
Fig. 3a, b lateral views
Karreriella chilostoma (Reuss)
sample A-34, “Couches à Melettes”, eate Rupelian (scale 100 μm), C39244
Fig. 4a detail, test completely agglutinated of coccoliths
Fig. 4b lateral view
Fig. 4c apertural view
sample A-68, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39314
Fig. 5a, c lateral views
Fig. 5b apertural view
Karreriella siphonella (Reuss)
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39163
Fig. 6a, b lateral views
sample A-70, “Marnes à foraminifères”, early Late Rupelian, C39354
Fig. 7 thin section (approx. to scale)
Karreriella siphonella exilis (Hagn)
sample A-72, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39327
Fig. 8 lateral view
sample A-71, “Marnes à foraminifères”, early Late Rupelian (scale 250 μm), C39324
Fig. 9 lateral view
sampleW-77, “Marnes à foraminifères”, early Late Rupelian, C39355
Fig. 10 thin section (approx. to scale)
Bigenerina nodosaria acutaKlaehn
sampleW-69, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39109
Fig. 11a, b lateral views
Siphotextularia labiata (Reuss)
sample A-70, “Marnes à foraminifères”, early Late Rupelian (scale 250 μm), C39319
Fig. 12a, c lateral views
Fig. 12b apertural view
sample A-71,“Marnes à foraminifères”, early Late Rupelian, C39356
Fig. 13 thin section (approx. to scale)
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian, C39357
Fig. 14 thin section (approx. to scale)
Textularia sp.
sampleW-70, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39185
Fig. 15a apertural view
Fig. 15b, c lateral views
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Plate 4
Spiroplectammina laevis cretosa (Cushman)
sampleW-75, “Marnes à foraminifères”, early Late Rupelian, probably reworked Cretaceous (scale 300 μm), C39230
Fig. 1a lateral view
Fig. 1b apertural view
Fig. 1c peripheral view
Spiroloculina canaliculata d´Orbigny
sampleW-72, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39301
Fig. 2a lateral view
Fig. 2b apertural view
Fig. 2c peripheral view
Spiroloculina cf. excavata d´Orbigny
sampleW-68, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39105
Fig. 3 lateral view
Cycloforina gracilis (Karrer)
sample A-15, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39342
Fig. 4a peripheral view
Fig. 4b lateral view
Fig. 4c apertural view
Cycloforina hauerina (d´Orbigny)
sample A-25, “Marnes à Cyrènes, Late Rupelian (scale 100 μm), C39261
Fig. 5a lateral view
Fig. 5b peripheral view
Fig. 5c apertural view
Cycloforina ludwigi (Reuss)
sampleW-26, “Marnes à Cyrènes”, Late Rupelian (scale 200 μm), C39298
Fig. 6a apertural view
Fig. 6b lateral view
Quinqueloculina buchiana d´Orbigny
sampleW-74, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39182
Fig. 7a, c lateral views
Fig. 7b apertural view
Quinqueloculina gregariaAndreae
sample A-28, “Marnes à Cyrènes”, Late Rupelian (scale 200 μm), C39256
Fig. 8a lateral view
Fig. 8b apertural view
Quinqueloculina sp.
sample A-30, “Couches à Melettes” – “Marnes à Cyrènes” – transition, Late Rupelian (scale 100 μm), C39254
Fig. 9a lateral view
Fig. 9b apertural view
Fig. 9c peripheral view
Flintina cf. variolariaCuvillier & Szakall
sample A-152, lower “Zone fossilifère”, Earliest Rupelian (scale 100 μm), C39231
Fig. 10a lateral view
Fig. 10b apertural view
Pyrgoella globiformis (Karrer)
sampleW-67, “Marnes à foraminifères” – “Schistes à poissons” – transition, early Late Rupelian (scale 200 μm), C39281
Fig. 11a lateral view
Fig. 11b apertural view
Triloculina gibba d´Orbigny
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39291
Fig. 12a lateral view
Fig. 12b peripheral view
Fig. 12c apertural view
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Plate 5
Sigmoilinita tenuis (Czjzek)
sample A-15, “Marnes à Cyrènes”, Late Rupelian (scale 50 μm), C39032
Fig. 1a lateral view
Fig. 1b peripheral view
Fig. 1c apertural view
Peneroplis? sp.
sample Retzwiller-2, “Marnes à Cyrènes”, Late Rupelian (scale 200 μm), C39306
Fig. 2 lateral view
Laevidentalina communis (d´Orbigny)
sampleW-26, “Marnes à Cyrènes”, Late Rupelian (scale 200 μm), C39348
Fig. 3a lateral view
Fig. 3b apertural view
Laevidentalina elegans (d´Orbigny)
sample Eguisheim-2, “Marnes à foraminifères”, early Late Rupelian (scale 300 μm), C39190
Fig. 4 lateral view
Nodosaria capitata striatissimaAndreae
sample A-70, “Marnes à foraminifères”, early Late Rupelian (scale 300 μm), C39217
Fig. 5 lateral view
Nodosaria sp.
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39294
Fig. 6a lateral view
Fig. 6b apertural view
Nodosaria soluta Reuss
sample A-71, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39210
Fig. 7 lateral view
sample A-68, “Marnes à foraminifères”, early Late Rupelian (scale 300 μm), C39222
Fig. 8 lateral view
Pyramidulina bactridium (Reuss)
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39164
Fig. 9 lateral view
Pyramidulina herrmanni (Andreae)
sample A-68, “Marnes à foraminifères”, early Late Rupelian (scale 200 μm), C39313
Fig. 10a lateral view
Fig. 10b apertural view
Pyramidulina ludwigi (Reuss)
sample A-72, “Marnes à foraminifères”, early Late Rupelian (scale 250 μm), C39325
Fig. 11a apertural view
Fig. 11b lateral view
Frondicularia cf. oblonga (Roemer)
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 700 μm), C39346
Fig. 12 lateral view
Lenticulina insignis (Reuss)
sample A-71, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39031
Fig. 13a, c lateral views
Fig. 13b peripheral view
Lenticulina aff. reniformis (d´Orbigny)
sample Retzwiller-2, “Marnes à Cyrènes”, Late Rupelian (scale 300 μm), C39283
Fig. 14a, c lateral views
Fig. 14b peripheral view
Lenticulina sp. juv.
sample A-25, “Marnes à Cyrènes”, Late Rupelian (scale 200 μm), C39260
Fig. 15a lateral view
Fig. 15b apertural view
Fig. 15c peripheral view
Marginulina hirsuta d´Orbigny
sample A-8a, “Marnes à Cyrènes” – “Molasse alsacienne” – transition, Latest Rupelian – Earliest Chattian (scale 100 μm), C39148
Fig. 16a lateral view
Fig. 16b apertural view
Marginulinopsis cf. jugleri (Reuss)
sample A-72, “Marnes à foraminifères”, early Late Rupelian (scale 250 μm), C39326
Fig. 17a peripheral view
Fig. 17b lateral view
Fig. 17c apertural view
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Plate 6
Planularia costata (Reuss)
sample A-66, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39028
Fig. 1a, c lateral views
Fig. 1b peripheral view
sample A-70, “Marnes à foraminifères”, early Late Rupelian (scale 500 μm), C39030
Fig. 2a, c lateral views
Fig- 2b peripheral view
Pygmaeoseistron globosum (Montagu)
sample A-40, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39241
Fig. 3a lateral view
Fig. 3b apertural view
Pygmaeoseistron hispidum (Reuss)
sample A-31, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39253
Fig. 4a lateral view
Fig. 4b apertural view
Pygmaeoseistron rudis (Reuss)
sample A-70, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39220
Fig. 5a lateral view
Fig. 5b apertural view
Pygmaeoseistron vulgaris apiculatum (Reuss)
sampleW-72, “Marnes à foraminifères”, early Late Rupelian (scale 50 μm), C39169
Fig. 6a lateral view
Fig. 6b apertural view
Lagena amphora Reuss
sample A-23, “Marnes á Cyrènes”, Late Rupelian (scale 50 μm), C39337
Fig. 7a lateral view
Fig. 7b apertural view
Lagena gracilicosta Reuss
sample A-31, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39156
Fig. 8a lateral view
Fig. 8b apertural view
Lagena isabella isabella (d´Orbigny)
sample A-23, “Marnes á Cyrènes”, Late Rupelian (scale 50 μm), C39263
Fig. 9a lateral view
Fig. 9b apertural view
Lagena isabella conscripta (Cushman& Barksdale)
sample A-23, “Marnes á Cyrènes”, Late Rupelian (scale 50 μm), C39262
Fig. 10a lateral view
Fig. 10b apertural view
Lagena sulcata (Walter & Jacob)
sample A-23, “Marnes á Cyrènes”, Late Rupelian (scale 50 μm), C39151
Fig. 11a lateral view
Fig. 11b apertural view
Hyalinonetrion gracillimum (Seguenza)
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39158
Fig. 12 lateral view
Globulina gibba d´Orbigny
sample A-68, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39315
Fig. 13a lateral view
Fig. 13b apertural view
Guttulina communis d´Orbigny
sample Retzwiller-2, “Marnes à Cyrènes”, Late Rupelian (scale 300 μm), C39221
Fig. 14a lateral view
Fig. 14b apertural view
Favulina hexagona (Williamson)
sample A-68, “Marnes à foraminifères”, early Late Rupelian (scale 50 μm), C39223
Fig. 15a lateral view
Fig. 15b apertural view
Fig. 15c peripheral view
Fissurina orbignyana orbignyana (Seguenza)
sample A-8a, “Marnes à Cyrènes” – “Molasse alsacienne” – transition, Latest Rupelian – Earliest Chattian (scale 100 μm), C39149
Fig. 16a lateral view
Fig. 16b apertural view
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Plate 7
Fissurina orbignyana striata Friese
sample A-28, “Marnes à Cyrènes”, Late Rupelian (scale 50 μm), C39153
Fig. 1a lateral view
Fig. 1b apertural view
“Siphopyrulina” fusiformis (Roemer)
sample A-25, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39257
Fig. 2 lateral view
Bolivina beyrichi (Reuss)
normal form, sampleW-58, “Schistes à poissons”, early Late Rupelian (scale 100 μm), C39171
Fig. 3a peripheral view
Fig. 3b lateral view
carinate form, sampleW-61, “Schistes à poissons”, early Late Rupelian (scale 100 μm), C39170
Fig. 4a peripheral view
Fig. 4b lateral view
Bolivina crenulataCushman
sample A-23, “Marnes à Cyrènes”, Late Rupelian (scale 50 μm), C39338, C39335
Fig. 5, 6a lateral views
Fig. 6b peripheral view
Bolivina cf. crenulataCushman
sample A-155, lower “Zone fossilifère”, Earliest Rupelian (scale 50 μm), C39224
Fig. 7 lateral view
Bolivina elongataHantken
sample A-66, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39311
Fig. 8a peripheral view
Fig. 8b lateral view
Bolivina meletticaAndreae
sample A-31, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39154
Fig. 9a peripheral view
Fig. 9b lateral view
Bolivina semistriata nobilisHantken
sample Eguisheim-3, “Marnes á foraminifères”, early Late Rupelian (scale 50 μm), C39197
Fig. 10a peripheral view
Fig. 10b lateral view
Globocassidulina subglobosa (Brady)
sample A-66, “Marnes á foraminifères”, early Late Rupelian (scale 50 μm), C39312
Fig. 11a lateral view
Fig. 11b peripheral view
Turrilina alsaticaAndreae
sample A-59, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39235
Fig. 12a lateral view
Fig. 12b apertural view
Praeglobobulimina coprolithoides (Andreae)
sample A-155, lower “Zone fossilifère”, Earliest Rupelian (scale 50 μm), C39225
Fig. 13a apertural view
Fig. 13b lateral view
Bulimina alsaticaCushman& Parker
sample Eguisheim-1, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39293
Fig. 14a lateral view
Fig. 14b apertural view
sampleW-68, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39128
Fig. 15a apertural view
Fig. 15b lateral view
Bulimina sculptilisCushman
sampleW-23, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39303
Fig. 16a lateral view
Fig. 16b apertural view
sampleWessenberg-3, “Molasse alsacienne”, Early Chattian, reworked (scale 100 μm), C39146
Fig. 17 lateral view
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Plate 8
Uvigerina gracilis germanicaCushman& Edwards
sample A-70, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39218
Fig. 1a lateral view
Fig. 1b apertural view
sample A-71, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39214
Fig. 2a lateral view
Fig. 2b apertural view
sample Eguisheim-3, “Marnes á foraminifères”, early Late Rupelian (scale 50 μm), C39204
Fig. 3a lateral view
Fig. 3b apertural view
Uvigerina cf.multistriataHantken
sample A-8a, “Marnes à Cyrènes” – “Molasse alsacienne” – transition, Latest Rupelian – Earliest Chattian (scale 50 μm), C39271
Fig. 4a lateral view
Fig. 4b apertural view
juvenile, sampleW-45, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39277
Fig. 5a lateral view
Fig. 5b apertural view
Uvigerina rudlingensis Papp
sample A-8a, “Marnes à Cyrènes” – “Molasse alsacienne” – transition, Latest Rupelian – Earliest Chattian (scale 50 μm), C39275
Fig. 6a lateral view
Fig. 6b apertural view
Uvigerina rugosa d´Orbigny
sampleW-23, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39304
Fig. 7a lateral view
Fig. 7b apertural view
Uvigerina tenuistriata Reuss
sampleW-76, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39179
Fig. 8a lateral view
Fig. 8b apertural view
Uvigerina vicksburgensisCushman& Ellisor
sampleW-28, “Couches à Melettes” – “Marnes à Cyrènes” – transition, Late Rupelian (scale 100 μm), C39276
Fig. 9a lateral view
Fig. 9b apertural view
Angulogerina cf. angulosa (Williamson)
sample A-23, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39340
Fig. 10a lateral view
Fig. 10b apertural view
sample A-8a, “Marnes à Cyrènes” – “Molasse alsacienne” – transition, Latest Rupelian – Earliest Chattian (scale 100 μm), C39343
Fig. 11a lateral view
Fig. 11b apertural view
Angulogerina globosa (Stoltz)
sample A-8a, “Marnes à Cyrènes” – “Molasse alsacienne” – transition, Latest Rupelian – Earliest Chattian (scale 50 μm), C39344
Fig. 12a lateral view
Fig. 12b apertural view
Angulogerina muralis (Terquem)
sample A-23, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39150
Fig. 13a lateral view
Fig. 13b apertural view
Angulogerina oligocenica (Andreae)
sample A-72, “Marnes à foraminifères”, early Late Rupelian (scale 50 μm), C39329
Fig. 14a lateral view
Fig. 14b apertural view
Colomia sp.
sample A-23, “Marnes à Cyrènes”, Late Rupelian, possibly reworked Cretaceous (scale 100 μm), C39339
Fig. 15a apertural view
Fig. 15b lateral view
Pleurostomella alternans Schwager
sample A-23, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39336
Fig. 16a, b lateral views
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Plate 9
Siphonodosaria emaciata (Reuss)
sample Eguisheim-1, “Marnes á foraminifères”, early Late Rupelian (scale 50 μm), C39159
Fig. 1 lateral view
Siphonodosaria ewaldi (Reuss)
sample Eguisheim-1, “Marnes á foraminifères”, early Late Rupelian (scale 300 μm), C39295
Fig. 2 lateral view
Siphonodosaria adolphina (d´Orbigny)
sampleW-20, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39347
Fig. 3 lateral view
Cancris turgidusCushman&Todd
sampleW-26, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39079
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
Sphaeroidina variabilis Reuss
sample A-68, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39318, C39316
Fig. 5a apertural view
Fig. 5b lateral view
Fig. 6a spiral view
Fig. 6b oblique apertural view
Discorbinoides sp.
sampleW-26, “Marnes à Cyrènes”, Late Rupelian (scale 100 μm), C39077
Fig. 7a spiral view
Fig. 7b umbilical view
Fig. 7c lateral view
Glabratella sp.
sample A-8a, “Marnes à Cyrènes” – “Molasse alsacienne” – transition, Latest Rupelian – Earliest Chattian (scale 50 μm), C39274
Fig. 8a lateral view
Fig. 8b spiral view
Fig. 8c umbilical view
Cibicidoides lucidus (Reuss)
sample A-72, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39328
Fig. 9a spiral view
Fig. 9b umbilical view
Fig. 9c lateral view
Cibicidoides oligocenicus (Samoylova)
sample A-66, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39310
Fig. 10a spiral view
Fig. 10b umbilical view
Fig. 10c lateral view
Cibicidoides roemeri (Reuss)
sample A-66, “Marnes à foraminifères”, early Late Rupelian (scale 250 μm), C39307
Fig. 11a spiral view
Fig. 11b umbilical view
Fig. 11c lateral view
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Plate 10
Cibicidoides? weinkauffi (Reuss)
sample A-70, “Marnes à foraminifères”, early Late Rupelian (scale 250 μm), C39321
Fig. 1a spiral view
Fig. 1b umbilical view
Fig. 1c lateral view
Cibicides amphisyliensis (Andreae)
sampleW-59, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39172
Fig. 2a spiral view
Fig. 2b lateral view
Planorbulina difformis Roemer
sample Rheinweiler RWL 2-29, “Schistes à poissons”, early Late Rupelian (scale 200 μm)
Fig. 3a “spiral” view
Fig. 3b “umbilical” view
Porosononion sp.
sample A-152, lower “Zone fossilifère”, Earliest Rupelian (scale 100 μm), C39232
Fig. 4a, b spiral views
Fig. 4b lateral view
Melonis affinis (Reuss)
sample Eguisheim-3, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39192
Fig. 5a, b spiral views
Fig. 5c lateral view
Pullenia bulloides (d´Orbigny)
sampleW-70, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39188
Fig. 6a spiral view
Fig. 6b lateral view
Pullenia quinqueloba (Reuss)
sample Eguisheim-1, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39209
Fig. 7a spiral view
Fig. 7b lateral view
Almaena osnabrugensis (Roemer)
sampleWessenberg-3, “Molasse alsacienne”, early Chattian, reworked Paleogene (scale 100 μm), C39145
Fig. 8a spiral view
Fig. 8b lateral view
Svratkina perlata (Andreae)
sample Eguisheim-3, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39193
Fig. 9a spiral view
Fig. 9b umbilical view
Fig. 9c lateral view
Heterolepa dutemplei (d´Orbigny)
sample A-68, “Marnes à foraminifères”, early Late Rupelian (scale 100 μm), C39317
Fig. 10a spiral view
Fig. 10b umbilical view
Fig. 10c lateral view

ht
tp
://
do
c.
re
ro
.c
h

ht
tp
://
do
c.
re
ro
.c
h
Plate 11
Gyroidina brokerti Reiser
sample A-64, “Schistes à poissons”, early Late Rupelian (scale 100 μm), C39233
Fig. 1a spiral view
Fig. 1b umbilical view
Fig. 1c lateral view
Gyroidinoides girardanus (Reuss)
sample A-70, “Marnes á foraminifères”, early Late Rupelian (scale 250 μm), C39320
Fig. 2a spiral view
Fig. 2b umbilical view
Fig. 2c lateral view
Gyroidinoides mamillatus (Andreae)
sampleW-67, “Marnes á foraminifères” – “Shistes à poissons” – transition, early Late Rupelian (scale 100 μm), C39279
Fig. 3a spiral view
Fig. 3b umbilical view
Fig. 3c lateral view
Hansenisca soldanii (d´Orbigny)
sample Eguisheim-3, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39290
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
Aubignyna kiliani (Andreae)
sampleW-26, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39078
Fig. 5a spiral view
Fig. 5b umbilical view
Fig. 5c lateral view
Buccella granulata (Lautenschlaeger)
sampleW-70, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39252
Fig. 6a spiral view
Fig. 6b umbilical view
Fig. 6c lateral view
Pararotalia cf. canui rhenana (Ellermann)
sample A-59, “Schistes à poissons”, early Late Rupelian (scale 100 μm), C39234
Fig. 7a spiral view
Fig. 7b umbilical view
Fig. 7c lateral view
Pararotalia cf. canui (Cushman)
sample A-27, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39259
Fig. 8a spiral view
Fig. 8b umbilical view
Fig. 8c lateral view
Pararotalia canui (Cushman)
sampleW-26, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39072
Fig. 9a spiral view
Fig. 9b umbilical view
Fig. 9c lateral view
Elphidiella minuta (Reuss)
sample A-26, “Marnes á Cyrènes”, Late Rupelian (scale 50 μm), C39334
Fig. 10a lateral view
Fig. 10b spiral view
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Plate 12
Reworked Cretaceous planktonic Foraminifera
Heterohelix globulosa (Ehrenberg)
sample A-51, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39047
Fig. 1a apertural view
Fig. 1b lateral view
Heterohelix striata (Ehrenberg)
sample A-8a, “Marnes à Cyrènes” – “Molasse alsacienne” – transition, Latest Rupelian – Earliest Chattian (scale 50 μm), C39273
Fig. 2a apertural view
Fig. 2b lateral view
Guembelitria sp.
sample A-23, “Marnes á Cyrènes”, Late Rupelian (scale 50 μm), C39152
Fig. 3 lateral view
Muricohedbergella delrioensis (Carsey)
sampleW-20, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39057
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
Globotruncana linneiana (d´Orbigny)
sampleW-20, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39063
Fig. 5a spiral view
Fig. 5b umbilical view
Fig. 5c lateral view
Globotruncana arca? (Cushman)
sample A-51, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39046
Fig. 6a spiral view
Fig. 6b umbilical view
Fig. 6c lateral view
Globotruncanella sp.
sample Retzwiller sandig, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39136
Fig. 7a spiral view
Fig. 7b umbilical view
Fig. 7c lateral view
Marginotruncana pseudolinneiana Pessagno
sample Retzwiller-2, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39134
Fig. 8a spiral view
Fig. 8b umbilical view
Fig. 8c lateral view
sample Retzwiller sandig, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39140
Fig. 9a umbilical view
Fig. 9b lateral view
Praeglobotruncana delrioensis (Plummer)
sample A-51, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39051
Fig. 10a umbilical view
Fig. 10b spiral view
Fig. 10c lateral view
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Plate 13
Reworked Cretaceous planktonic Foraminifera – Figs. 1–3
Reworked Eocene planktonic Foraminifera – Figs. 4–8
Contusotruncana fornicata (Plummer)
sampleW-20, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39115
Fig. 1a spiral view
Fig. 1b umbilical view
Fig. 1c lateral view
Rotalipora brotzeni (Sigal)
sampleWessenberg-3, “Molasse alsacienne”, Early Chattian (scale 100 μm), C39144
Fig. 2a spiral view
Fig. 2b lateral view
Fig. 2c umbilical view
Macroglobigerellinoides ultramicrus (Subbotina)
sample A-39, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39157
Fig. 3a spiral view
Fig. 3b umbilical view
Fig. 3c lateral view
Acarinina bullbrooki (Bolli)
sample A-39, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39044
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
Acarinina collactea (Finlay)
sample A-23, “Marnes á Cyrènes”, Late Rupelian (scale 50 μm), C39040
Fig. 5a spiral view
Fig. 5b lateral view
Fig. 5c umbilical view
Acarinina decepta (Martin)
sampleW-35, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39124
Fig. 6a spiral view
Fig. 6b umbilical view
Fig. 6c lateral view
Acarinina matthewsae (Blow)
sampleW-20, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39053
Fig. 7a spiral view
Fig. 7b umbilical view
Fig. 7c lateral view
Acarinina medizzai (Toumarkine & Bolli)
sample A-51, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39238
Fig. 8a spiral view
Fig. 8b umbilical view
Fig. 8c lateral view
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Plate 14
Reworked Eocene planktonic Foraminifera
Acarinina pentacamerata (Subbotina)
sample A-03, “Molasse alsacienne”, Early Chattian (scale 50 μm), C39036
Fig. 1a spiral view
Fig. 1b umbilical view
Fig. 1c lateral view
Acarinina primitiva (Finlay)
sample A-34, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39247
Fig. 2a spiral view
Fig. 2b lateral view
Fig. 2c umbilical view
Acarinina pseudotopilensis (Subbotina)
sample A-51, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39045
Fig. 3a spiral view
Fig. 3b umbilical view
Acarinina rugosoaculeata (Subbotina)
sample A-39, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39043
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
Turborotalia cocoaensis (Cushman)
sample A-39, “Couches à Melettes”, Late Rupelian (scale 100 μm), C39333
Fig. 5a spiral view
Fig. 5b lateral view
Fig. 5c umbilical view
Turborotalia frontosa (Martin)
sampleW-18, uppermost “Marnes á Cyrènes”, Latest Rupelian (scale 100 μm), C39112
Fig. 6a spiral view
Fig. 6b umbilical view
Fig. 6c lateral view
Turborotalia possagnoensis (Toumarkine & Bolli)
sample Retzwiller sandig, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39138
Fig. 7a spiral view
Fig. 7b umbilical view
Fig. 7c lateral view
Morozovella lehneri (Cushman& Jarvis)
sample Retzwiller-1, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39141
Fig. 8a spiral view
Fig. 8b umbilical view
Fig. 8c lateral view
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Plate 15
Reworked Eocene planktonic Foraminifera – Figs. 1–6
Eo-Oligocene planktonic Foraminifera – Figs. 7–10
Morozovella subbotinae (Morozova)
sample Retzwiller sandig, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39137
Fig. 1a spiral view
Fig. 1b umbilical view
Fig. 1c lateral view
sampleW-20, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39054
Fig. 2a spiral view
Fig. 2b lateral view
Fig. 2c umbilical view
Globigerinatheka micra (Shutskaya)
sample Retzwiller sandig, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39139
Fig. 3a spiral view
Fig. 3b oblique lateral view
Fig. 3c apertural view
Globigerinatheka semiinvoluta (Keijzer)
sample Retzwiller sandig, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39135
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
Chiloguembelina midwayensis (Cushman)
sample A-23, “Marnes á Cyrènes”, Late Rupelian (scale 50 μm), C39345
Fig. 5 lateral view
Chiloguembelina wilcoxensis (Cushman& Ponton)
sample A-34, “Couches à Melettes”, Late Rupelian (scale 50 μm), C39147
Fig. 6a lateral view
Fig. 6b peripheral view
Chiloguembelina cubensis (Palmer)
striate form, sample Eguisheim-3, “Marnes á foraminifères”, early Late Rupelian (scale 50 μm), C39201
Fig. 7a lateral view
Fig. 7b peripheral view
pustulate form, sample A-66, “Marnes á foraminifères”, early Late Rupelian (scale 50 μm), C39038
Fig. 8 lateral view
Tenuitella munda ( Jenkins)
sampleW-25, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39121
Fig. 9a spiral view
Fig. 9b umbilical view
Fig. 9c lateral view
Tenuitella gemma ( Jenkins)
sample Retzwiller-1, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39305
Fig. 10a, b spiral views
Fig. 10c lateral view
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Plate 16
Eo-Oligocene planktonic Foraminifera
Globigerina ciperoensis Bolli
sampleW-45, “Couches á Melettes”, Late Rupelian (scale 100 μm), C39081
Fig. 1a spiral view
Fig. 1b umbilical view
Fig. 1c lateral view
Globigerina praebulloides Blow
sample A-36, “Couches á Melettes”, Late Rupelian (scale 50 μm), C39242
Fig. 2a spiral view
Fig. 2b umbilical view
Fig. 2c lateral view
twin, sample A-42, “Couches á Melettes”, Late Rupelian (scale 100 μm), C39236
Fig. 3a spiral view
Fig. 3b “umbilical” view
“Globigerina” venezuelanaHedberg
sampleW-20, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39055
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
“Zeaglobigerina” ampliapertura (Bolli)
sample A-03, “Molasse alsacienne”, Early Chattian, reworked (scale 100 μm), C39034
Fig. 5a spiral view
Fig. 5b umbilical view
Fig. 5c lateral view
Zeaglobigerina sp. 1
sample A-74a, basal “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39331
Fig. 6a spiral view
Fig. 6b umbilical view
Fig. 6c lateral view
Subbotina angiporoides (Hornibrook)
sample A-39, “Couches á Melettes”, Late Rupelian (scale 100 μm), C39332
Fig. 7a spiral view
Fig. 7b umbilical view
Fig. 7c lateral view
Subbotina eocaena (Guembel)
sample A-15, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39267
Fig. 8a spiral view
Fig. 8b umbilical view
Fig. 8c lateral view
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Plate 17
(scale 100 μm)
Subbotina gortanii (Borsetti)
sampleW-20, “Marnes á Cyrènes”, Late Rupelian, C39064
Fig. 1a spiral view
Fig. 1b umbilical view
Fig. 1c lateral view
Subbotina utilisindex ( Jenkins &Orr)
sample A-03, “Molasse alsacienne”, Early Chattian, C39087, C39246
Figs. 2a, 3a spiral view
Figs. 2b, 3b umbilical view
Figs. 2c, 3c lateral view
Globigerinella obesa (d´Orbigny)
sample A-70, “Marnes á foraminifères”, early Late Rupelian, C39219
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
Pseudohastigerina barbadoensis Blow
sample A-23, “Marnes á Cyrènes”, Late Rupelian, C39341
Fig. 5a spiral view
Fig. 5b lateral view
Pseudohastigerina micra (Cole)
sample A-23, “Marnes á Cyrènes”, Late Rupelian, C39264
Fig. 6a spiral view
Fig. 6b lateral view
Paragloborotalia nana (Bolli)
sample A-34, “Couches á Melettes”, Late Rupelian, C39097
Fig. 7a spiral view
Fig. 7b umbilical view
Fig. 7c lateral view
Paragloborotalia cf. nana (Bolli)
sample Retzwiller-1, “Marnes á foraminifères”, early Late Rupelian, C39248
Fig. 8a spiral view
Fig. 8b umbilical view
Fig. 8c lateral view
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Plate 18
Acarinina echinata [Catapsydrax echinatus] (Bolli)
with bulla, sample Eguisheim-3, “Marnes á foraminifères”, early Late Rupelian (scale 50 μm), C39198
Fig. 1a spiral view
Fig. 1b umbilical view
Fig. 1c lateral view
without bulla, above sample (scale 50 μm), C39206
Fig. 2a spiral view
Fig. 2b umbilical view
Fig. 2c lateral view
Catapsydrax martini (Blow& Banner)
sampleW-45, “Couches á Melettes”, Late Rupelian (scale 100 μm), C39080
Fig. 3a spiral view
Fig. 3b umbilical view
Fig. 3c lateral view
Catapsydrax unicavus Bolli, Loeblich&Tappan
sample Retzwiller sandig, “Marnes á foraminifères”, early Late Rupelian (scale 100 μm), C39282
Fig. 4a spiral view
Fig. 4b umbilical view
Fig. 4c lateral view
Globorotaloides cf. carcoselleensis Toumarkine & Bolli
sampleW-45, “Couches á Melettes”, Late Rupelian (scale 100 μm), C39126
Fig. 5a spiral view
Fig. 5b umbilical view
Fig. 5c lateral view
Globorotaloides variabilis Bolli
sample A-40, “Couches á Melettes”, Late Rupelian (scale 50 μm), C39240
Fig. 6a spiral view
Fig. 6b umbilical view
Fig. 6c lateral view
Dentoglobigerina cf. galavisi (LeRoy)
sampleW-23, “Marnes á Cyrènes”, Late Rupelian (scale 100 μm), C39118
Fig. 7a spiral view
Fig. 7b umbilical view
Fig. 7c lateral view
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